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I. GENERAL INFORMATION 
1. Application 


The range-only radar "Kvant" is designed for installetion, togetier «ih 
sight ASP-SN or ASP-SND and permissible range computer VRD-2A, on jet fiphvss:::. 
The range-only radar ensures automatic and continuous determination «« 

distance to the target and of relative rate of approach to the target. 
The range radar "Kvant' operates in two modes: 
"Mode A" -~ firing is cone from guns or with unguided rocket proajectiies. i 
The renge finder feeds continuously to the sight computer voltage provortiiia: 
to the target zange and relative speed of the target. 
"Mode B" -- launching of class air-to-sir homing missiles K-13. S 
For this mode the range radar ensures: 
af Determination of present Yange to the target and displaying a” suc) 
information on the pilot's firing-reange indicator UD-1. = eat 
b/ Automatic comparison of present range with permissible range of K-23 : Be 
rocket and providing launching permission signal. 


v/ Signalizing the approach of withdrawal-from-attack rangr . : 
2. Basic Tactical-Technical Data 


a. The range radar "Kvant" determines the distance to aircraft-‘arpei. 
in following ranges: from 400 to 3,000 meters for mode "4a" and from WOO << 


7,000 meters for mode "B" 
50X1-HUM 
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b. The range radar feeds automatically voltage proportional to the 
distance to the target to the type ASP-SN sight computer (moce "A') o1 
to the pointer range indicator "UD-1" (mode "B'). 

v. Range error does not exceed +15 m for mode "A" and #100 in frr mei 
tpt 

_& Range radar determines the rate of approach to the aircraft: tare?” 

(relative speed of the ee, in a range from +400 m/sec to ~i00 m/sec, and 
automatically feeds to the sight computer ( mode “at ) _ or to perms: chile 
range calculator (mode "i") a voltage proportional to relative velocity. “he 
speed, when closing in on the target, is positive. 

d. ‘The error of speed detevdiuation does not exceed + 15 a/sec for 
mode ita and + 85 m/sec for mode "B". 


e. The range radar determines the instant for launching rocket K-13 


_by comparing present-range voltage with permissible-rocket launching rang? 


voltage: cactetad “Prem De enieetbis renge calculator VRD-2A. 
gh. Range seseitiak of range-only radar is not less than 200 m. [P 4] 
Zz Dead zone of the radar is not greater than 300 m. 
i. Directivity pattern of range-only radar at half-power in bota plaie: 
is equal to 18° + 1° (or -2°) for mode "A" and 6° + 40' for mode "BY. 
k. ‘Pulse wouee is 5 to 7 kw. 
4. Duration of high-frequency pulse is 0.5 + 0.05 microsec. 
m. Operating frequency 9370 + 45 Mc. 
) n. Pulse repetition rate 800 + 100 pps. 
0. Sensitivity of receiver circuit (mode “A") is 87 db for a range «> 


2000 m and 68 db for a range of 500 m with reference to 1 millivatt. 
50X1-HUM 
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Pull-out from attack range is 1000 to 1150 m. 
Ceiling of the range-only radar - 25000 nm. 


Power consumption of range radar from 115 v, 400 cps power jine 1: 


410 vas; power consumption in +27v circuit is 25 w when ambient temperatura 


is above 0°C and 130 w when temperature is below o°C. 


t. 
Ue 


f. 


Weight of the range radar without intermediate cables is 30 ing. 
The range radar can operate; continuously for’ 6 lirs. 


Guaranteed service Life of range radar is 500 actual flight sour; 


SPN 5 on an aircraft during a period of 5 years, if all regulation inspections 


and maintenance work is observed in accordance with operational imanua:. 


3+ Range Radar Assembly 


The assembly of the range redar "Kvant" designed Yor aircra:'t MIG-21"° 


comprises the following units: 


Ss 


Combined antenna with waveguide line E-l - GYa 2.060.054 Sp - i iiace 
Receiving-transmitting unit RB6-2M GYa 2.000.02h Sp - 1 viece 
Range-only radar receiver unit RB6-3 GYa 2.005.002 Sp - 1 plece 


Power pack unit RB-6-4 GYa 2.087.00k Sp - 1 piece 
Speed indicator unit RB-6-5 GYa 2.002.005 Sp - 1 piece 


Control panel K-6 GYa 2.761.031 Sp - 1 piece 


. Comparator unit K-8 GYe 2.089.012 Sp - 1 piece 


“Intermediate cable KK/21-F/G¥a 4.853.165 Sp - 1 piece 


Coaxial cable GYa.F.850.135 8p - 2 pieces 


Control mechanism KPK GYa 2.781.037 Sp - 1 piece 


S-E-C-R-E-T 
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, Speed calibrator for 5 assemblies, type "KS-2" GYa 2.761.021.gp and 
control instrufient KPK GYa 2.761.0378p are part of the special controi-te3- 


, equipment of the range radar "Kvent." 


II. PRINCIPLE OF OPERATION AND ae 
INGERACTION OF INDIVIDUAL 
COMPONENTS OF RANGE RADAR "KVANE" 


1. Principle of Operation 


The principe of range radar operation is based on illwainationet a 
given space zone by short-duration recurring electromagnetic pulses, and 
reception of such puises after rePlection from a Snaak located in the zon: 

we «sf: “tMutiination. 

‘The range radar “Kvant" determines the distance to the target by aut. 
matic moeninemant of time interval between the initiation of probing wise 
and the instant of arrival of aie reflected from the target, *ig. 2. 

The range redar “Kvant" is an automatic electronic device which ioes 
not require attendance, except.for switching-on during take-off and sviteicae- 
off during lending. 
| opsaivation of range radar "Kvant" performance in flight can be carried 
out by watching an aircrait-target flying in front; after target lock-on Ix 
the radar, a green lamp “lock-on" lights ce the sight head. 

. O°. For mode "A" operation ,the manual feed of range to the sight is ciseot- 
nected ‘at this time (handle of gas sector), and the size of outer cimle :«- 


the vision and target field is now changed only from the ranze radar. 
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For the mode "B", the firing signt is set into position "fixed" “ner i”); 
at this time the illuminated mark occupies @ position corresponding to dine.s~ 
tion of aircraft gun axis, end the pointer indicator UD-1 on the inst:-umen: 
board show automatically the distance between the aircrafts. 


Thus, aiming is done at a stationary mark, as on a collimatcr sirht. 


SPN 9 Relationship between the distance to the target, the velocity of ailec- 
tromagnetic wave propagation in free space and the time interwai from the 
moment of sending high-frequency probing pulse to the instant ot rece tior. 


of pulse reflected from the target is defined by the forma 


= 2D 
8 





where: t - time interval for high-frequency pulse to travel to the target 
and back; 2D - doubled Sistance to the target, i.e., distance to target ard 
back; S - velocity of electromagnetic wave propagation, which is equai to 
the speed of light | 
s=3x 108 m/sec 
Time measurement is carried out by continuous superposition of the tareut 
pulse on the selector pulse, which is generated by the range finier. © the dc er 
time of selector pulse is saictad linearly to voltage applied to the eirai: 
of time modulator, which generates such puise, i.e., 
u., = Kz (Uo-Up) 
_ where: t, - delay time.of selector pulse 
Up - control voltage 
Uo - initial voltage | 


“ew 
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Due to coincidence of the target pulse and selector pulse, 


5 
tg=t, and K1(Up-Up) = 2 or Up= Uo : a = Up - KzD 


Thus the wollbepe controlling the time modulator becomes proportional 
to the vate e renge. This voltage is fed by the range radar to the s ght 
computer and to indicator UD-1l. 

The selector pulse consists actually of two pulses, generally ca_led 
range pulses (see fig. 3). These 0.7 microsec duration pulses, shifted 0.: 
microsec with respect to each other, conduct search-scan in absence o.’ re- 
flected pulses, i.e., they are shifted along the whole range ot' cistemces 
from 200 m to 3000 m with a frequéncy of 1 eps (mode "A") and from 800) m << 
7500 m with the same frequency of scan for mode "B". 

The shifting takes place from shorter range toward longer. Im the 
event of appearance of a pulse reflected from the target, it comes imo tr. 
incidence with the range puise. At this time the lock-on cirevit goes: imc 
operation and the search-scan 1s discontinued. The range rader iocks on ‘J 
target and begins to range-track the target by feeding voltaze propor:ions.. 
to the range to the sight computer or to the pointer indicator UD-1. 

The range radar "Kvant," in addition to range voltage, alsc supp. ies 
voltage proportional to the relative speed of target. 

The speed voltage is obtained by differentiating range voltage adi it: 
subsequent amplification by a special amplifier located in the speed unit. 


The law. for range voltage generation: 


d 


For mode "A" — Uy mF See 
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—_ 
For mode "BY - up = 195- _D_ 
where: Uo is voltage in volts - on 
' Dis range in meterg 
The law for speed voltage generation: 
for mode "AN— U,) = - 0.1V 
for mode “B'— U., = - 0.04V 
where: Us, - voltage in volts 
= v ~ speed in meters per sec. 
. For an approach the speed is positive. 
The peculiatity of the range radar “Kvant" is its ability to operate 
oa two different modes. Far this reason the radar antenna consists ¢* tw 
different antennas - of a horn antenna producing a wide 16° + 1° or -2? 
4 ‘ : 
beam for mode "A", and a reflector antenna producing a narrow 6° + O' begs 
for mode "B". 
| A switch Jocated in the range radar connects one of the antennas to «ji: 
receiver-transmitter unit. 
The antenna switching is controlled from the aircraft circuit. 
New 
S-E-C-R-E-T 
50X1-HUM 
=i = 








Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 


Declassified in Part - Sanitized Copy Approved for Release 201 2/04/12 : CIA-RDP78-03066R000300170001-9 
50X1-HUM 














2+ Block Diagram of Range Radar 


.As seem from fig. 4, the range radar "Kvant" consists cf antenne uni. 
receiving-transmitting unit, range-only radar receiver, power suoply unit. 
speed unit, control board, ‘comparator unit » intermediate cable and coaxia! 


cable. 


SPI Antenna Assembly Unit - sonsiges of a combination of a horn anteina 
with dielectric’ lens and a reflector antenna with horn exiter. 

This antenna assembly is designed for highly-directive radiation of 
high-frequency electromagnetic energy and for reception of signeis revleeis:: 
from a terete. 

Directivity pattern cf the horn antenna while in mode "A" is 18° + 1¢ 
or -2° in both planes. 

Directivity pattern (or beam width) of reflector antenna while ir 
mode "B" is 6° + 40' in both planes. 

The receiving-transmitting unit forms and radiates powerful high+frequences 

. pulses 5 automatically adjusts frequency of local oscillator, reczives and ore- 
amplifies reflected signals, switches antenna from transmission to ree2ptbio: 
and synchronizes the work of renge-only receiver unit. 

The receiving- transmitting unit consists of a high-frequenc. f = 937) =: 
+ 45 Mc, magnetron oscillator, & modulator, a sub-modulator, kivs:ron ‘oca:. 


oscillator, receiving-tranamitting chanber with mixer, ATR tube, spark-gap 


S-B-C-R-E-T 50X1-HUM 
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om discharger, mixing chamber for automatic frequency control (APCh), yrean: |. 
hes of intermediate frequancy |PUPCh|, AFC circuit, high-voltage rectific::, 
‘and pre-lonization rectifier with ignition current stabilizer. 
cy , The range-only redar veceiver unit serves to amplify the I¥ of refla-isi 


Pulses, to detect such pulses and +o convert them into target video- mls» 


te fix the time of arrival of reflected pulses and to form voltage TORO Fone! 


+ 


to the distance to the tarret. 

Power supply unit ‘provides stabilized voltage to all units of toe ron-e 
radar. The unit contains a rectifier for +150 v and +200 v, a rectivier “-» 
+500 v, @ rectifier ~-150 v, electronic voltage regulator and a reference 
stabi lovolt. . . 

Speed indicator unit serves to determine automatically the relaive 

we" speed of target, and to supply appropriate voltage to the firing sight eré 
permissible range computer YRD-2A. 

‘Control bosrd serves to facilitate the operation of the ranze-onty radar 

. installed on an aircraft. Atl controls of the range radar and the centrei 
points for checking the performance of the automatic lock-on are loceted 3: ih. 
| Garserctes Saye serves to convert the voltage scale of target oresen: 

_ Yange into a scale corresponding to the scale calibration of the UD-1 Polis: 
range indicator, to compaze automatically the voltage of target »resent ruce 
with the voltage of permissible Launching range of the rocket, and to sem 
ieanching permissible signal to the green lamp "launch" installed on <he 

pilot's instrument board, tc:determine the moment for withdrawal from attee 


by sending a signal to the red ‘Lamp “pull out" installed on the Eitotts 
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shy 
15 
Intermediate Cable Wiring Diagram 
(1) Sh-8 (2) Sh-=3 
Plug Ru?PKL75Shl _ Plug Ry8PKESh 
Goes} Function Terme 
ogo os 
ground L 
+ 115 v (com) + 27 v in. 2 
~v 115 v (com) + 27 v out. a 
+ 27 v = 115 v in. Se 
; ¥5 
in |Urange unit 5 ie y se Coon? 
. | speed scale xo Foye 7 
i © |+ 200 v - |~115 v out. 
he : S |search fre 8 
{4 |lock-on circ. zi qe 5 
: © |sveed zero 3g + 150 v out, LO 
i tracking : + 150 vin. LL 
| Poy 8 |+ 200 v 12 | 
speed U A 13 
| lock-on sig, range 
— : - 150 v range zero Lk | 
i range scale 45 
+ 300 v speed scale 16 | 
speed zero Ay 
ies | speed zero “18 | 
{ ferrite switch 19 | 
| U+ange (input) 20 | 
- 150 v 21 | 
Urange 22'| 
sensitivity 23 
AFC circuit 2h 
ferrite sw. cryst.25 
mode signal 26 
ferrite switch 27 | 
ferrite switch 28 | 
~_ 
(a) = 4h - 
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ed 
(3) Sh-7 (4) Sh-5 
Socket RUSPK2BEG] Socket 2RM2NKPN19G141. 
Goes | Function Goes] Function Terr) 
to. it ee to | No.: 
ground ground ae 3 
altitude sig, ~11Sv 2 | 
+27 vin. ; “115 v 3 
~115 v ed U Saad hh 
“115 v (com) aore ! 
( y p + 27 v e | 
iy ferrite sw. mF) 6 | 
input switch | § Urange i¢ 
input switch | ‘ Tk I com 
» |? input sw. | Tk II 79 
‘{ |? input swe | ™ | 10 | 
© | lock-on sig. i + 150 v , il | 
wi | mode signal | 1: Launch ok 
_ | VED supply | Lh - 150 v cats 
E VRD supply | Lf | ra meas. ground ; ly | 
H | VRD output | 16 | & | + 200 v oe 
4 | range instru,j 17 | & | + 300 v 16 
fl | range instru.| 16 © | RRCh (MFC) 117 | 
- S | Uspeed cd 8 | SRV (MGC) 
pullout sig. | 20 calibration [29 | 
+ 200 v al 
ee 29 
clearing 23 
- 150 v 2h 
launch sig. | 25 
OG 
altitude sig.| 28 
oe 50X1-HUM 
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(5) Sh-2 (6) Sh-1 

Socket RGOUL7ESh1] Socket_28PK26.:Sh] 
Goes ~ 
to 





















ook 
i 2 
~~ 115 v (com) | 3 
+ 27 v ph “115 v (com) | 
meas. ground |5 | + 300 v if 
+ 150 v 16 1 + 200 v [5 
Tk I rr + 150 v ts 
jo | - 150 v 3 
;9 | 
U. 3 
w1l5 vin. | 10 | ees ie 
Ll | ‘ ee 
r Lil 
rs t C oe range scale i 1.2 
nN (AFC) amp4 13 ~ search fre i13 
: ac (MFC) | 1h . search freq. Li 
= lt I 2 | UPCh (AFC) shift| LS 
~ 7 2 lock-on cirs. | L6 
a 5 sensitivity i7 
~ eo e launch pulse 18 
- sata : £ + 150 v in. lio 
=~ 1-0 
clearing eee 
jp € 
i | | 33 
| | range zero poh 
ranges unit 5 [5 
| 6 
| | a 
“aw 
(c 
wine Ee a 50X1-HUM 





Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 


=A 


TIE 
Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 
| 

































SPN 15 
ae 
(7) Sh-) (8) Sh-6 
Socket 2RM30BL132G1Al Socket 2RMLUKPNLGLAL 
Term. Function 
___ it. No. 
1 i 
‘cS et | ferrite switch 
a 3 ferrite switch 
ae a ferrite switch 
: # 
io ie 
i? > 
VRD output $3 p 
Urange in. (9 pea 
© j instru. "bp" [10 
oO instru. "DY j11 
ea 12 
42 speed 
‘a | pullout sig. |13 
° | launch sig. [1h 
S 15 
16 
mode signal |17 
—_ 18 
lock-on circ.|19 
20 
21 
altitude sige] 22 
altitude sigs} 23 
2h 
25 
26 
27 
28 
2 
calibration | 30 
~i115 v 31 
“115 v (com)} 32 
- 
(d) -17- 
50X1-HUM 
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| SEN instrument panel, supplying, +28 v stabilized voltage with resect spe: 
ee voltage, to VRD-2A. . 
intermediate cable serves to interconnect the units of the range-on: : 
radar on an aircraft. Cable configuration and size depends on the de:pllowne:-t. 


of the range / tinder on a given aircraft. Schematic lay-out of the interme.:i- 


ate cable for the MIG-21F combat jet is shown in fig. 5. 


6. Functional Diagram 
On fig. 6 is shown the functional diagram of the range-onl, rader 


"Kvant". This diagram Shaws interaction of individual components of the 
range radar. 

The operational mode of the range radar is different:. for the search- 
oan of the target from the tracking of target, when the reflected si-nal 
enters the receiver input. 

For this reason the description of functional diagram is divided int 
2 sections: ; 

a/ Search-scan mode 

b/ Tracking mode 


SPH 
18 Search-Scan Mode 


The submodulator located in the receiving-transmitting unit generate: 
positive voltage pulses with amplitude not less than 150 Vv, Pulse duretiorn 
of about 1 microsec and repetition rate of 800 pps. These pulses control 


the discharge tube of the mo.imlator. 


od S-E-C-R-E-9 
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The modulating pulses with 5.5 kv amplitude, 0.6 microsec cdurat:on ep: 
repetition rate of 800 pps are generated in modulator and are Jed to the’ 


i 


magnetron. 


Magnetron oscillator generates pulses of T = 0.5 microsec durat-on ani 
power of not less than 5 kw. 

The antenna switch disconnects the receiver during the action o: preb op 
pulse. 

Powerful high-frequency magnetron pulses are admitted through o.gh+ 
frequency channel to ferrite commutator which directs the electromagnetic 
energy to one of the antennas, depending on the operating mode of remige-0n., 
radar. 

Part of high-frequency energy of the magnetron pulse is admittec. to the 

_ mixing chamber of AFC. Undamped high-frequency oscillations from klystren 
local oscillator are also econtimuously admitted to AFC chamber. 

As a result of mixing of two high-frequency oscillations, ea pulre is 
formed at the AFC output with a frequency which is equal to the difference 
between the klystron and magnetron frequencies. 

This pulse is converted by the AFC circuit into the control voliage, © F 19] 
which is fed to the klystron local oscillator and maintains klystron frecusiecr 
above that. of the magnetron frequency by a value equal to IP. 

Similtaneously with the modulating pulse, a negative synchronizing pues 


is fed from modulator to: 


. - 21 « 
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a) to IF amplifier and disconnects receiver during the transmission 9; 
tain probing pulse; 

b) to noise AGC and euts it owt for the reception period, thus elimi: - 
ing the effect of target pulses on performance of ‘the noise. AGC 

v) to logit saw-tooth forming circuit and triggers it. 

The fast saw-tooth" circuit feeds to the comparator circuit unit REE ~3 
& saw-tooth pulses at a rate of 800 pps and of 25 or 50 wicrosec Siete 
(depending on the mode) and of 150 v amplitude (fig. 7). 


Tn addition ,to the comparator curcuit unit RB6-3 is fed a saw-teoth 


185 to 20 v during a period of .8 to 1.2 sec. 

With this gradual decrease of "slow saw-tooth" generator voitage. thes 
occurs greater and greater delay in conduction of comparator diode for aac: 
successive period of 800 pps repétition rate. 

Thus, to the subsequent; circuits of the Comparator is admitted a Saw 
tooth pulse with leading edge lagging more and more behind the “rensm tte: 
pulse as the sweep generatot voltage decreases. 

SPN ' This pulse ig amplified and differentiated, and is used to trigger rer. 
Re pulse generator. The latter generates 100-v range pulse of .7 microsec dat A 
tion which is fed to time disriminator. Tne time discriminasor operstes Oto: 
during coincidence in time 6f ranbe and target pulses. 
As is seen from cig. 7, with gradual decrease in voltage of the "slow 
saw-tooth", the range puises traverse the whole working range cf search- 


scanning at a rate of .8 to 1.2 cos. 


. ‘ = 2 - 
= Eee auie tn 
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The noise voltage trom receiver Output is admitted to noise AVG ciren i 
which develops negative vol tage proportional to noise magnituje. Ths wi: 
age is admitted to IF amplifier, and by varying amplification factor “he re ce 


level is maintained constant at the receiver output. 


/ 
tracking Mode 


Pulses reflected fromthe target are intercepted by one of the enter?=::. 


depending on the mode of operation,and are admitted by high-frequency chan: 


iw 


through the ferrite switch uo the antenna switch, which prevents the ents on: 
of reflected signal to tha magnetron circuit, but admits rei‘lected mises +o 
the mixing chamber of the receiver. 
At the mixing chamber ot the reeeiver the reflected signal “requeney «; 
mixed with the local klys3ron oscillator frequency. 
SPN As a result of mixing,a number of frequencies are formed from which -i:+ 


el 
50 mc IF is separated out at the receiver mixer. Input cirevit of IF orersa:- 


plifier (PUPCh) serves as the load of the receiver mixer. 

Avier passing through the IF preamplifier, the signal reflected fom 
target is admitted 16 th mein IF amplifier. The target signel after seceni 
detectnen and amplificaticn in IF amplifier is admitted to the inwut i? ti he: 
discriminator:through the video anplivier and cathode follower. 

Time discriminator forts error current at the instant o:° coincidence +" 
the barack reflected pulse with the renge pulse. Such error-current value 
depends on magnitude and sign of mismatch between range and tareeat pulses. 


Theerror signal is admitted to the input control-unit circuit, whieh is 44 


the form of a double integrator. 


, ; = 23 = 
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The time discriminator also generates negative pulses which control 
the automatic lock-on. : 
At this time the automatic lock-on goes into operation ané search-scs: 
generator circuit is transformed into a double integrator and the signal 
lamp "lock-ogp" lights up on the sight. 
The range-only radar circuit now switches to tracking mode and proc~ 
esses Volbtages:proportionagl to the target range and relative spee:! of the 
target. At the instant of target lock-on and switch-over of' “slow sew-too-h" 
generator, at the output’ of double integrator remains a voltage correspomi:n? 
to target range, as it was at the instant the automatic lock-on went into 
action. This voltage is fei to the comparator wnit circuit RB6-3, imsteai (¥ 23] 
of the "slow saw-tooth" generator voltage, and it controls the -ange-mls:. 
ww displacement in time. 
The error current of time discriminator is contimiously admitted to 7: 
double integrator until the range pulse comes into balance with the targe. “use. 
With the disappearance of target signal, the automatic loci:-on is re 
leased after a delay of 1 to 1.5 sec. 
The output range voltage continues to change accordingly with the Sebe 
law and at the same speed during the delay period as it occurred oo to 
target disappearance, thus ensuring the "memory" of target speed. 
Pulse from the plate of aitomatic lockson amplifier is fed to inmmt or 
AVC circuit. This pulse is amplified and detected, and as a negative ac ve i- 
age is fed to IF amplifier, thus changing the receiver amplivication whick - ; 
hecessary to avoid overloading receiver stages and to decrease the range err 


for targets of different intensity. 
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The performance of noise AVC in both search-scan and tracking mo ‘es 
identical. Pulse AVC and Mvuise AVC have eerie output to Il amoifie: 
through cathode follower. When range-only uae "Kvant" locks-on targ3% 
in mode "B", the range voltage is fed to miaceonte circuit in unit ~-3 
which comparés it with permissible range voltage, the latter coming f-on 
computer VRD-2A. 

By permissible range for rocket lannching is understood a icicipans di i- IP 2h] 
tance to the target at which the rocket will wecessarily reach the ta-get 


while the homing system ts in operation. 


Such a range is defined by the following equation: 


Drim = 3-06 +° 10 [ 4 Vsr (WH) + D | 


ae The magnitude of permissible range depends on the aircraft altitude 

(H), air speed of aircraft-carrier (VN), as well as of magnitude and sign 
of relative speed (D). ei 

Permissible range becomes greater with the increase in flight al-vituie 
(air resistance becomes smaller), with the increase in speed of the earrie> 
‘(initial speed of rocket), amd with increase in relative speed o- app oach 
to the target. 

The permissible range computer VRD-2A consists of a potentiometr ec 
transducer, which is fed with de voltage from range radar, and which :wopnes 
a voltage proportional to permissible range according to the fo) lowing Law: 


Ugeraze |v] = 3.625 (Dresr in km ) 


/ : - 26 - 
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The VRD-2A solves the equation: 


a ver = f( 2) 


and the obtained voltage is adder to the relative speed voltage whick. 


was admitted to range radar "Kvant" according to the following :aw: 





Ug (v) = -0.04D C = sa4 


Us is positive during approach. 

Speed range: from -100 m sec to +100 m sec, which corresponds t 
voltage variation from -4 v to +16 ¥. 

Total voltage from the slider of VRD-2A potentiometer is acmitterc to 
electronic circuit ofthe camparator unit K-8. When the present range to targre ; 
becomes equal or smaller than the rocket-launching permissib'e renge, ther 
the comparator elreuit operates and on the pilot's instrument beard Lights 
on the green lamp "launch." From this instant the pilot may tance the K-23 
rocket if all other required conditions are fulfilled. 

Present range voltage is aiso admitted to a special circuit whict., wpen 
approaching a range of i0CO m, lights on a red signal lamp "owl)-out,’ this. | 
weunine the pilot of the danger from further approach to the target. such 
further approach may result in collision with the target or damage from the 
fragments of the rocket. 

On the pilot's instrument board is located the pointer indicator UD-1 .! 
range to the target, which is in the form of a voltmeter graduated di- 
rectly in km, from 0 to 8 kn. This range indicator is fed with power threw:s 


operational amplifier oi K-8 wit. 
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THE ANTENNA ‘WAVEGUIDE ASSEMBLY | 1 2,] 

7. Application 

The antenna -wavefaide unit is sonaaned for transmitting high+ 
frequency power from the oscillator to the antenna, the rediation ef 
this enerdy into space within the limits of definate spatial ingle, tha 
reception of signals reflected from the target and their transnission t3 
the receiver. . 

8. The basic tactical-technical data of the antenna waveguide chayist. 

1. The width of’ the directivity pattern in the wide bean mode/mod: 
"A"/ is 18 + = in planes H and H, and is 6° + 40 in the rarrow beau 
mode/mode "B"/ in both plenes. 

2. The side lobes do not exceed 5% of the maximum ir both modes. 

3. The gain factor of the antenna is eoual to 85 in mode "A" ond 
550 in mode "B", 

4, The standing wave ratio of the antenna owavezuide unit does nas 
exceed 1.5 at frequency renge. of 9370+45 MC. 

The antenna-waveguide unit of the "KVANT" range-finding veder con- 
‘sists of two structurally combined antennas and a wavégwiide chenne! wiv? 
a ferrite commutator, which provides for switching the operating mo:es +» 
the station/wide and narrow beam/. 

The gain factor is determined by comparing the anvenna “P 27] 
being. tested with the standard one, the gain factor of which is mom i':1. 
the following Pomme; 


the 


Gisp=G et x —~ » where 
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G isp is gain factor of the antenna being tested. 

G et is the gain factor of the standard antema. 

P isb is the power being received by the antenna being tested. 
P et is the power being received by the standard antenna. 

The oe factor of the antenna for the "KVANT" range fincing r: dar 
is equal to 85 in the wide beam /mode "A"/ and 550 in the narrow bern 
/mode "B"/, 

For a more complete transmission of the trensmitter power to the 
antenna, matching of ali the high frequency channels is of great importerce. 
The matching of the high frequency channel is characterized by the valmé 
of the standing-wave ratio. 

In an ideal case, during the absence reflection, a traveiing-weve 
mode is established in the high-freauency channel /during which SWR=1/. 
In the presence of reflection a standing wave appears in the cham:ely 
Such standing wave is formed as a result és tHe composition o: inci: ent 
na reflected waves. 

The standing wave ratio les defined as the ratio of the max}eum 


value of voltage in the line to the minimum 


U max C. 
U min 


KSB (SWR) 
the better the matching, the smaller the difference between U maximum aw 
U minimum » and consaquently the smaller the magnitude of SWn. 

The standing wave ratio in the antenna-waveguide unit of the *{VAN* _F 28] 


range-finding radar does not exceed 1.5 in. both modes. 


The wide directivety pattern of the "KVANT" range finding rada> fnoi 
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"A"/is radiated by the hcra antenna. The directivity patte:m of the horr 
antenna depends on the dimensions of the Aven, its length and size o2 the 
aperture of the output opening. 

In the horn antenna a dtelectric lens is intalled in the apertrre ci 
se orn The dielectric lens serves to equalize the field phase in the 
horn aperture, which, in turn, leads to higher gain factor and lower intes- 
sity of the side lobes of the directivity pattern. The side lobes are re- 
sponsible for useless diffusion of a part of the radiated power and tor 1j¢:-- 
ehing the noiseproof feature of the station. The electricai field oi the 

horn has vertical polarization. The horn antenna is connected to the wave- 
guide through a coupling transformer with a 12 x 23 mm cross section, ané ©: 
tuned in designated range of frequencies with the aid of a matching etub. 
_ . The air-tightness of the antenna is achieved with the aii of ptty- 
_styrole foam bushing, which is pasteti to the mouth of the horn with evoxy. 
resin. 

The narrow directivity pattern /mode "Bifot the "KVANT" range { india: 
redar is radiated by the reflector antenna. 

‘The reflector antenna is a radiating device in which the electro- F<? 
“magnetic waves from the primary exciter is directed by the reflector inte 
space within the limits of a certain space angle, depending on the diameta 
of the reflector. 

_ The antenna reflector is a Siewaies parabola with a diameter of 360 un 
and a focal distance of 235 mm.. The focal distance was selected in such a 


manner that the primary vadiating element of the reflector antenia 


96 x8 
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= would in a least degree overshadow the radiation from the horn antetia 
located behind the reflecter /fig. 87. 


The primary exciter of the antenna a3 a horn radiator. The sit.2 ¢i 
the horn radiator is selected in such @ manner that the radiation d.rec- 
tivety pattern formed by it would have in the direction of the edge of te: 
reflector, considering the spatial attenuation, an intensity 0.i-O-.1: 
times of the maximum power, thus the power density at the edge oi the 
parabolloid becomes 6 to 10 times smaller than at its central part. 

Under such a condition, the optimum value of the reflecto surrace 
utilization ratio, Ach is necessary for obtaining the maximua gain 
factor of the antenna for « given diameter of the reflector, is provided. 
The polarization of the electrical field of the antenna is horizontal. 

The horn exciter is off the focus by 6°. This makes it ovossibie, 
firstly, to reduce the effect of the reflector surface on matehing tue 
waveguide channel and, secondiy, to remove the exciter of the reflector 
antenna from the radiation cone of the horn antenna. 

- Since part of the energy of the horn strikes the exciter, is refleciod 
from it, and during the second reflection ftom the reflector it narrows t = {P 30] 
radiation directivety pettern of the horn antenna, A metal grid made of 
vertically arranged wires is installed in the aperture of the torn excitée:. 
[fies 8} s 

Such a grid is transparent ta@ the electrical field with norizonté J 
polarization, since the veetor of the electrical field is perpendicuw ir 
to the direction of the wires. For the electrical field with. vertical 


polarization, the vector of the elactrical field is parallel to the 


Sa - 31 - 
~ S-E-C-R-E-T 





50X1-HUM 











Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 


Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : SDE feo en om 70001-9 





direction of the wires, ¢onsequently, for such a field th; grid is equit:- 
lent to a metal screen which completly reflects the electromagretic fielc . 
The grid in the aperture of the exciter is located in such amanner that to 
energy of the hom antenna, the electrical field of which has vertical cooler as 
vtion, will be dispersed by reflection from the-.grid. 

The wires of the metal grid of the exciter are fastened to s bushi: 
made of foam polystyrole. ‘The bushing is pasted to the mouth of the hors 
exciter with epoxy resin, thus forming air-tightness of the high-fresuene 

channel. 

The horn and reflector antenna are fastened to a comion mounting by 
a cast magnesium alloy brachet,while the horn antenna is locatad behind 
the central part of the reflector antenna, For this reasor, to lather |. 
made in ine P5Rn of a metal grid with horizontal wires which mazes it tr: «. 
parent to the energy radiated by the horn antenna. P 32] 

The combined antenna is fastened to thé airplane with the nid of 
four bolts, which are mounted from the side of the reflector, throug) 
special hole to a cast bracket and auxiliary fasteners, provided on che 
airplane. | | 

9. Waveguide Charne] 

Block diagram of weveguide channel is shown on fig. S. 

‘The waveguide channel is built with rectangular aluminum wevegiide 
of 23 - 10 mm cross section, except for ferrite commutator. 

High-frequency admitted to the pagent channel from receiving -trar:. 
mitting unit (unit 2B6-21) is fed to the ferrite comnutator, which ir 

; turn directs it into one of the antennas depending on mode of radar rnerst cr. 
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ad 
10. Description of Ferrite Comautator 
The ferrite commutator switcheseon the two antennas a tniraalys re 
radiating different directivity patterns. 
The polarization plene rotator and a tee form part of the comiuteio: 
(Fie.-10). 
Ferrite commutator operation is based mithe principle of peters atdet. 
plane rotation, 
The ferrite stub, located in transverse magnetic field, rotates 
polarization plane of aieatoonanietts wave that passes through it. "P 3h] 
Ferrite polarization-plane rotator is in the form of a souare 
21 x 21 mm waveguide section, inside of which in a fluoroplastic insert +> 
mounted esas M-77 ferrite stub of the following size: 
= d=6.7 om 1=70 mm 
Electromagnet winding: of 3,000 turns from .2mm PEV wire is planed 
outside the square waveguide, 
w=7,000 turns 
One end of the square waveguide polarization rotator is teraing: ed 
by a quarter-wave transformer, which is needed for transition from the 213 4i mm 
waveguide to 23 x 10 mm waveguide. 
| To the other end of the polarization rotator is connecter - tas, ther 
outlets of which make 90° with each other (see fig. 70) 
For mode "A", a current of the order of 50 milliamp asses thirongt he 
electromagnet winding. Such current ensures polarization-plane rotation 
by 90°, i.e., the passage of Sr Seteonmenstl cvenceay to ¢hannel T. 
j 


—_ - 3) = 
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For mode "BY a current of the order of 5 milliamp, need to remove 
residual magnetism, is passed through the electromagnet wirding. . Svch 
residual magnetism originates in the pereite stub during -operation i+ ao}: 
"A", Now the electromagnetic energy is directed into channel [f. Cuirrer 

direction dn the ferrite~comnmutator winding in mode "B" is opposite :o 
that for mode "A", 
| SPN 36 Electromagnet current switching is effected by R6-3 relay, ee ted 
in unit K-6, which is acturted by the mode signal. To ensure overat:on 


at high altitude, the waveguide channel is made tight with the aid @° 


rubber gasgets. 


=.39 = 
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ee IV. RECSIVING -TRANSMITTING UNIT 
Li. Applicatign 

The RB6-2M receiving-transmitting unit goes into the makeup of the 
"Kvanr" airplane radar reng: finder and is designed for genexating poverful 
high mecusney pulses, switching of the antenna from transmission to veeer 
tion, reception of the signais reflected from the target anc. their preamr i 
fication. 

In addition, the receiving-trensmitting unit performs autometic 
frequency control of the local oscillator and generates pulses, which syn - 
chronize the operation of the entire station. 

12. Make up of the unit 

ad The receiving +. tram.mitting unit consists of the foilowing elemen.-: 

a) submodulater; 

b) Modulator; 

v) magnetron oscillator; 

g) antenna switch; 

d) mixer of the receiver; 

e) mixer for the AFCh (automatic frequency control); 

zh) klystron oscillator; 

z) preamplifier for intermediate frequency feurcn/ : 

i) high-voltage re¢tifier; 

k) rectifier for the pre-ionizer; 

1) systems for automatic frecuency eonerel Of the kiystron orcikis- 
i tor /APCh/. 
Bid S-E-C-R-E-T 
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13. The basic tacticai-technical data of the unit 


receiving-transmitting unit has the following basic parome be: :: 
} : a - e 


a) puise power of high frequency oscillations 


- imp 2 5 kw 


/ 
b) the fre quency ¢f high frequency oscillations in a range r* 


3570 + 45 Me 


v) duration of moculating pulse 


+ imp. = 0.5 + 0.05 tiierosec 


g) the band width of high frequency oscillations at “he 


base Sf<5Me 


d) pulse repetition rate 


e) 


Fn = 600 + 100 pps 


Synchronization-pulse amplitude is not less than 80 v. 


zh) The average current of the magnetron is equal to 3.0 + 0.7 (7) 


z) The crystal current of the receiver channel is 0.2 tp 0.8 ni idiean 


1) 
k) 
i) 


m) 


n) 


0) 





The crystal current of the APCh (AFC) channel is 0.2 we.t me. 
The ignitor firing current of the ATR tube is 70 to S& microm 
The average intermediate frequency PUBCh is 30 + 0.5 Me: 


Overall dimensions of the unit are: 


D = 2h0 mm 
L = 388 mm 
the weight of the unit does not exceed 12.1 kg. "2 38] 


The unit operates normally: 
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id 
a/ during a tempermture change of the surrounding atmosphere ?rai 
+ 50 C to -60 Cc. ‘ 
bf after remaining 48 hours in en atmosphere with a relative hum. - 
| ity of 95-98% at a temperature of #20%5°C. | 
v/ ‘at altitude of up to 25,000 meters, [that is at an amospveri: 
pressure of up tc 18.6 mm Hg. } 
ik, Description of Unit Operation 
According to the Functional Diagran 
[Fig. 11] 
Blocking oscillator of the submodulator utilizes the left haif e* the 
L2-3(6NIP) dual triode; i+ generates poitive voltage pulses 0% 2.0 v ampi.- 
a tutle and 5 to 8 microsee duvation with repetition rate of 800 pos. These 
pulses passing through the cathode follower, which utilizes the «ight ualf & 
the dual triode L2-3(6NIP), control the performance of ‘the modulator discharze ta<.. 
Pulses from the blocking oscillator 12-3 are also admitted throuzh ty: 
cathode follower L2-4(6NSP) to the AFC system, where they are used f@c maa }- 
ulation (modulation) of the sereen grid of the pentode 12-18(6NTP). 

The SG quevias pulses of 5.5 kv amplitude, 0.65 microsec duration 2. 
repetition rate 800 pps are formed im the modulator assembled as a 
circuit with artificial pulse shaping line and hydrogen thyrotron le-/ 
(TGI-1-35-3), the latter acting as a discharger, and are then fed to the maticsrmn 
L2-9 (MI-158) 

Magnetron oscillator generates pulses of 0.5 microsec duration aid Le 39] 
not less than 5 Kw power. 
ae - 39 - 
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Powerful high-frejuency pulses from magnetron oscillator are adr Lttes 
to antenna and are then irraiiated into apace. Due to the presence c:° an- 
tenna switch in form of a RR-21(I2-12) ATR’ tube, the receiver becomer dis- 
connected during the transiaission of main Pulse. 

Negative synchronizing pulse with amplitude of 80 v is also taken fre 
the modulator which is fed to IF amplifier for disconnecting the receiver 
during transmission of main yulse, for disconnecting the noise AVC cireuis 
during reception and for triggering "fast saw-tooth" mitivibrater le cate i 
in the range unit. 

Part of the energy of the high-frequency pulse from the Magnetron osc. - 


lator is admitted through aktenuator to the mixing chamber of AFC, where 


iW 


crystal detector D2-1(D2-2) acts as a mixer. To the AFC mixing chamber acr 
w~ also admitted continuously high-frequency oscillations from klystron «sei: - 

lator L2-11(K-27). | 

As a result of misine of two high-frequency oscillations, at the outiar: 
of the AFC is formed a pulse having a frequency equal to the di:’ference be - 
tween the frequency of klystron local oscillator and the frequency cf magne - 
tron oscillator. | 

This pulse is amplified by two IF stages of the AFC circuit assenbiedé 
with diodes (I2-17,12-18), and is then admitted to the disciminstor circuit | P 40] 
incorporating the dual diode 12-19(6Kh2P) . Detected pulses from the Cisertai- 
nator output are fed to the two- -~stage mise amplifier incorporating dyal 
triode D2-20/6N3P/; here they are amplified and fed to the contre: tubs. i.: 
the right half of tube L2-21(6N2P), where second detection o1' the AF :ylas 


ce takes place. 
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Negative voltage from L2-21 tube is fed to the repeller electrrie ¢f{ che 
klystron. . 

If the fluctuation of IF exceeds the kiystron adjustment limits. then 
the blocking oscillator pulses from left Half of 12-21{6NeP) taibe are fed ic 
right half of L2-20(6N3P) tube, thus replacing the pulses arriving from th 
discriminator. The AFC circuit forms control voltage which maintainge the 
klystron frequency at a Voltage that is 30 Mc higher than the macne tron 
frequency. 

During reception, the pulses reflected from: target are admitted into mein 
waveguide through the ATR tube L2-12(RR-21) through the mixing chambe: of the 
receiver, where crystal diode type D056, DEO56A(D2-3, D2-k) act as mxer:. 

To the mixing chamber of the receiver are also admitted continucusly «sel? . 
lations from klystron local oscillator. A number of frequencies are vorme- 
after mixing, from which the 30 Mc IF if separated out on the lcad of the 
receiver mixer (input circuit of IF preamplifier). 

After passing all stages of the IF preamplifier, assembed with Le-1, [Pp yo} i 
12-2(6Zh1B) tubes, the amplified Signals are fed to the input of iain TP an. 
plifier of the range unit. 

High-voltage rectifier assembled with 12-6, 12-5(6S7B) tubes wuovlies 
power to modulator tube L2-7(9GI-1-35/3) at a voltage of -i450 v. 

Firing rectifier is assembled with L2-10(Tkh-2) 12-15(SGSB) and L--16 
(6STB) tubes and it feeds power to discharge tube D2-12(RR-21) at a vo itagr 
of -750 v, which accelerates firing of the discharge tube during the overg:: :r. 


of the unit during its operation of transmission. 


~}\2- 
S-E-C-R-2-1T 





50X1-HUM 














Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 


Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 


SPN }2 





< SECRET 





50X1-HUM 














15. Description of the operation of the unit according to 
the schematic diagram 


(Low frequency unit) 
a) Submodulator (fig. 12) 


The operation of the modulator is controlled by a submoculatc r 
in which voltage pulses of the required amplitude, duration, shape, 
and repetition rate are formed. 


The submodulator comprises a double triode type 6N1? (L2-3) end 
consists of two staves: a blocking oscillator with self-excitaticn 
which occupies the left half of the tube, and a cathode repeater whick 
occupies the right half of the tube. 


The pulse from the blocking oscillator is used for manipulation 
of the AFC system for the emission time of the main pulse. 


In order to eliminate the effect of the submodulator on the #.¥C 
circuit, a trigger pulse is sent through the cathode repeater L2-i. 
(6N3P). 
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b) Blocking oscillator (fig. 13) 


The blocking oscillator or pulse generator with transformer 
coupling is a single-tube self-oscillating system of the relaxaticn 
type with strong positive feedback, making it possible to generate 
short pulses, under certain conditions, which are close to sauare 
pulses in shape (fig. 1h). 


We will begin our examination of the operation of the blockirs 
oscillator from that momentt, when the left half of tube L2-3 (6N1?P) 
is blocked due to the voltage drop across resistor R2-10, which ir 
caused by a discharge of capacitor C2-1l; the latter was charged to 
a voltage Ust with the polarity shown in figure 15. 


Consequently, at this moment the voltage Ug between the crid and 
the cathode will be Uq = Ugt. 


Discharge of the capacitor occurs exponentially with a time 
constant equal to the product of capacitor C2-1 and resistor 272-10. 
We will disregard the voltage drop in the secondary winding of the 
transformer since its resistance for the discharge current is very 
small. 


At the moment t, there is a point when the voltage in the grid 
reaches the value E,,, after which the tube opens and the anode 
current i,, which will pass through the primary winding of the trens- 
former, begins to build up (fig. 15). 


A voltage Uy will be induced in the secondary grid winding. 

The ends of the secondary winding are connected in such a manner that 
the voltage in the grid increases as the anode current increases. 
This voltage has positive polarity relative to the cathode. ‘this 
voltage increase in the control grid of the tube of the blocking 
oscillator causes an even greater increase in the anode current. in 
addition, there will occur a decrease in the voltage of the anode of 
the tube due to the increased voltage drop in the primary winding of 
the transformer. 


The increase in anode current causes a further increase in 
voltage in the control grid of the tube, and this, in turn, causee an 
even greater increase in anode current, etc. This process of 
avalanche-type build-up of anode current is called a direct blocking-~ 
processes 
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Naturally the anode current cannot build up infinitely since it is 
limited by the characteristic of the tube. 


It should be noted that in the beginning, the rate of voltage 
build-up in the grid inereases. 


The increase in grid voltage is linked to a corresponding decrease 
in voltage in the anode of the tube, which becomes less than the 
voltage in the grid of the tube. This situation gradually moves the 
operating point of the tube toward that region of the tube character- 
istic where, because of the decrease in steepness of the anode current 
characteristic and the increase in steepness of the erid current 
characteristic, the necessary self-oscillating conditions for the 
existence of the blocking process no longer exist. 


es As a result of this there appear forces which lead to a decrease 

‘SPN },7 in the rate of build-up of voltage Ug in the grid, although voltage U, 
itself continues to increase. With the increase in voltage in the gric, 
the steepness of the characteristic assumes smaller values and, cense~ 
quently, the forces causing the decrease in the rate of build-up ef the 
voltage increase. It is therefore natural that finally, at a particular 
moment t; very close to the moment tz , the voltage at the grid reaches 

a maximum Ug max, after which there follows a stage of comparatively 

ve slow change in the voltage Ug at the grid (the flat part of the prise) 

as well as all remaining voltages and currents. 


At the onset of this stage the voltage at the grid begins to 
decrease rather slowly; however, this decrease does not at first caus¢ 
a noticeable weakening in the anode current due to the small value of 
the steepness of the tube characteristic in this region. Since ir this 
stage Ug> 0, and the voltage at the anode is sufficiently small, a 
rather large grid current commensurate with the anode current pastes 
through the tube. As a result of this current, capacitor C2-1 charges. 
leading to an increase in voltage Uc. With a decrease in voltage at 
the grid, the operating point of the tube gradually returns to the 
region of the characteristic in which the steepness assumes greater 
values. 


At a certain moment tz , the steepness of the characteristic 
reaches a value at which the condition for existence of the blocking 
effect is again satisfied. The decrease in voltage at the grid begins 

Li to cause a more noticeable decrease in the anode current of the trbe, 
SPN 8 which leads to a voltage decrease in the windings of the transforwer. 
As a result of the decrease in Uy there occurs a further more intensive 
decrease in the voltage U3 at the grid of the tube; this causes @ still. 
greater decrease in the anode current and, in this manner, a blocking 
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effect phenomenon similar to the one descrived above but acting in the 
opposite direction originates. This "reverse" blocking effect leads to 
a sharp drop in voltage at the grid of the tube and a rapid blocking at 
of the oscillator tube. 


At the moment the tube is blocked, short-duration emf's of rether 
high value and opposite polarity, which rapidly drop to zero, are 
induced in the transformer windings. After blocking of the oscillator 
there begins a stage of slow discharge of capacitor C2-1l, in the grid 
circuit; this is the point at which we began our examination of 
processes in the blocking oscillator. 


The duration of generated pulses is determined by the parameters 
of the grid circuit of the tube and the parameters of the pulse trans~ 
former. The pulse repetition rate is determined basically by the 
time constant of the discharge circuit of capacitor C2-1h. The pulse 
repetition rate may be regulated by changing the value of resistor 
R2-10. The output voltage of the blocking oscillator is taken from 
an auxilliary winding of the pulse transformer, applied to the grid of 
the cathode follower (the right half of tube L2-3), and represents 
positive pulses with an amplitude of 220 v, a duration of 5 to 8 
microseconds, and a repetition rate of 300 pps. 


~~, Resistor R2-13 is. é¢onnected in parallel with the output winding ef 
SPN 50 the pulse transformer and forms the ballast load of the winding. 


A positive pulse for triggering the AFC system is taken from this 
winding of the pulse transformer. The trigger pulse is applied tc 
triode L2-); (6N3P) which is introduced into the circuit ‘or the prrpose 
of decoupling the input circuits of the AFC system and the modulator} 
the triode also plays the role of a limiter. 


In the cathode of L2-) (6N3P) is the divider R2-20, R2-hh frem 
which the trigger pulse passes through the coupling capacitor C2—iiy 
to the screen grid of tube L2-18 (6Zh1P) of the second rf arplificaticr: 
stage of the AFC system. Figure 14 shows the pulse at the cutput of 


the blocking oscillatcr. 


In order to decrease the influence of the blocking oscillator on 
the other circuits of the radar, a decoupling filter consisting o7 
resistor R2-9 and capacitor C2=13 is connected to the oscillator anode 


circuit. 
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v) ‘the cathode follower 


Positive pulses from the blocking oscillator are taken from the 
auxilliary winding of the pulse transformer and applied to the grid of 
the cathode follower (fig. 16) in order to avoid the effect of the 
modulator on the blocking oscillator of the submodulator and for the 
purpose of matching the anode resistance of the load and the outprt 
resistance of the blocking oscillator. 


The load resistor k2-12 is selected so that the amplitude of the 
oa derived pulse will be no less than 150 v. Figure 17 shows the puise 
SPN 53 at the output of the cathode follower. 


2) The modulator 


The modulator of the transmitter is based on a circuit with en 
artificial pulse-forming line LF2-1 which discharges through the 
thyratron type TGI-1-35/3. The circuit of the modulator is given in 
figure 16. 


Operation of the modulator may be divided into two stages: the 
recharging stage of the pulse-forming line, and the resonance 
recharging stage of the line. 


During pulse recharging of the line a negative square pulse with 
an amplitude of 5,500 v is formed in the secondary winding of the pulse 
transformer and is applied to the magnetron, which forms the load of 
the modulator. 


For an explanation of the principle of operation of the modulator 
we will convert the modulator circuit to an equivalent circuit (fig. 1).. 


A negative voltage of -1,)50 v is applied to the cathode of the 
thyratron from the high-voltage rectifier, which comprises tubes ikh<2 
(L2-5, L2-6). 


At the moment a positive trigger pulse from the subnodulator 
arrives, the thyratron is fired by the -1,450 v source and the pulse- 
forming line recharges in such a manner that, toward the end of the 
recharging period, the woltage in the line is equal in magnitude to 
the voltage at the cathode of the thyratron; that is, it is equal to 
the voltage of the -1,450 v power supply. When the recharginz period 
terminates, the thyratren is extinguished and the pulse-forming Line 
slowly begins to recharge through the following circuit: the pulse- 
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a forming line, the primary winding of the pulse transformer, and choke 
SPN 5h Dr2=1 (fig. 20). 


A diagram of the discharge circuit of the line is shown in 
figure 21. 


The recharge circuit represents an oscillatory circuit whose 
capacitance is the total capacitance of the pulse-formin;: line LFr-l 
and whose inductance L is the inductance of the choke Dr2-1 (the 
inductances of the pulse-forming line and the primary winding of the 
pulse transformer may be disregarded because of their small value in 
comparison with that of choke Dr2-1). Thus, the parameters of the 
oscillatory circuit are selected so that the period of natural oscil- 


2 

lations is equal to T = —3— , where F, is the pulse repetition rete 
“s 

of the submodulator. 


Figure 22 shows a graph of the voltage change in the pulse- 
forming line. It can be seen that, for a period of natural oscilla- 
tions equal to T, the trigger pulse of the submodulator arrives at the 
moment when the voltage in the pulse-forming line, as a result of the 

_ resonance rechargins of the line, becomes equal to#1,)50 v. With the 
arrival of the positive pulse, the thyratron fires and the period of 
pulse recharging begins. 


The trigger pulse to the grid of the thyratron passes through a 
coupling capacitor C2-16 and a resistor R2-15 which serves as a limiter 
of the thyratron grid currents. 


Resistor R2-1) is a leak resistance in the control «rid circuit 
of the thyratron. 


a Figure 21 shows an equivalent circuit of the pulse recharge eys< 

SPN 56 tem of the line. It may be seen from the picture that at the moment 
the thyratron fires there are two series-connected emf's in the 
recharge circuit -- the emf of the battery E and the emf of the prlse- 
forming line, which is eharged to the voltage of the power supply. 
These emf's are loaded with two resistances -- the characteristic 
impedance of the line and the resistance of the load, which is eqral 
to the characteristic impedance of the line. Thus, a voltage approx~ 
imately equal to twice the voltage of the power supply is applied to 
the anode of the thyratron relative to the cathode. In view of the 
equality of the characteristic impedances of the pulse-forming lire 
and the load, this voltage will be, in the ideal case, equally distri- 
buted between them, and in this manner a voltage will appear at the 
load which will be equal to the veltage of the power supply. 


ee 


22URET 














50X1-HUM 














Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 





pec sled Oa - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 





unt 
Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 








Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 


Son 58 


SPN 60 


SECRET: 








From the theory of infinite lines it is known that a line leaded 
by a resistance forms within it a square voltage pulse, the duration 
of which is determined by the recharge time of the line which, in 
turn, is determined by the parameters of the artificial long line. 
Thus, the best shape of the pulse and the greatest efficiency will be 
obtained by completely matching the characteristic impedance of tne 
line with the load resistance. (The resistance of the fired thyratro1 
may be disregarded due to its small size). 


The modulator of the unit uses a two-element artificial line of 
the link type. Its parameters are: 


16.5 microhenries 
4,300 picofarads 
68 ohms 

0.65 microsecond. 


a) total inductance L 

b) total capacitance c 

c) characteristic impedance 

d) shaped pulse duration as 
(for a level of 0.5) 


As was noted above, the magnetron is the load of the modulator. 
But since its resistance for the given operating conditions differs 
sharply from the characteristic impedance of the line and is equa: to 
1,300 ohms, direct connection of the magnetron to the modulator would 
lead to mismatching of the line, a significant decrease in efficiency. 
and to sharp distortion of the shape of the modulating pulse. 


In order to avoid this, the magnetron is connected to the mo-iula- 
tor through the pulse transformer Tr2-5, which makes it possible =o 
match the characteristic impedance of the pulse-forming line with the 
resistance of the magnetron. In this case the resistance ot the 
primary winding of pulse transformer Tr2-5, taking into account tiie 
total resistances of its auxilliary windings, is equal to 68 ohms: 
that is, the pulse-forming line is loaded by a resistance equal to its 
characteristic impedance. 


In addition to performing this matching function, tae pulse 
transformer is used to obtain a pulse in the secondary winding having 
an amplitude several times greater than the voltage pulse in the pri- 
mary winding (on the order of 5,300 + 5,700 v). This makes it possible 
to use the sources of lesser voltage and, consequently, also simplifies. 
high-voltage protection of the circuit of the unit. 


The pulse transformer has a double secondary windinz through whict 
the filament voltage passes to the magnetron. Such a filament supoly 
circuit makes it possible to use the transformer as a filament-supoly 
transformer under a relatively low voltage, In order to create a 
closed circuit for the variable component of the magnetron anode cur= 
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rent, leads 3 and 5 of the secondary winding of the pulse transformer 
are blocked by capacitors C2=21, C2-22, C2—23, and C2=-2), forming a 
so-called filament supply circuit with a middle grounding point (fig. +3). 


As a result of the fact that the moment of firing of the thyratrer 
relative to the pulse of the submodulator blocking oscillator fluctuate: 
from pulse to pulse within the limits of 0.03 to 0.0h microsecond, it 
ig impossible to provide synchronous operation of the entire station 
from the pulses of the submodulator; therefore, a pulse, in addition 
to the modulating pulse of the modulator, is taken from auxilliary 
winding 7-8 of the pulse transformer for the purpose of synchronizing 
the operation of the station. This pulse has a duration of 0.6 micro- 
seconds and an amplitude of 80 volts. (See fig. 18). In order te 
avoid parasitic oscillations, the winding is shunted by resistor i.2=-2¢,. 
To eliminate "noise induction", the trigger pulse is picked up with tre 
aid of shielded conductors. 


The trigger pulse is taken from winding 7-8 of transformer Tr2-5 
(fig. 18) and is fed through the right half of tube L2-l to the 
ranging unit of the station for synchronization. Load resistor R-ll 
is specially selected to match the amplitude of the trigrer pulse. 


‘D A 3 kv spark discharger L2-8 R-l is connected in parallel with 

SPN 61 the primary winding of the pulse transformer. In the case of various 
malfunctions, such as in operating the modulator with no load (the 
magnetron not generating), the spark discharger does not permit tre 
voltage in the pulse-forming line to exceed 3 kv. 


A small inductance L2~8 (5 microhenries) is connected to the ano¢e 
circuit of the thyratron for the purpose of improving the operating 
conditions of the thyratron. 


In parallel with the thyratron filament is capacitor Cre-17, shiek 
serves to eliminate stray pulses from the filament and the filamert 
winding of the transformer. 


The modulator circuit as used in the given unit has substantial 
advantages over other circuits with artificial pulse-forming liner. 
This may be seen in the fact that the voltage at the high-voltage. voirt: — 
of the modulator does not exceed the voltage of the power supply (1,45¢ v!, 
while the amplitude of the pulse at the load is equal to the volteze oi 
the power supply. 


In other circuits the voltage in the line and at the anode of the 
thyratron is twice the voltage of the power supply (with respect to 
"eround"), while the pulse amlitude at the load is equal te the value 
of the power supply voltage. 
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d) High-voltage rectifier 


The high-voltage rectifier operates in a voltage doubling circuit 
with two thyratrons type TKkh-2 (L2-5, L2-6). 


A schematic diagram of the rectifier is given in figure 2h. 


The rectifier and voltage doubling circuit consists of two serier- 
connected single-phase rectifiers operating with a capacitive load. 


One of the single-phase rectitiers is formed by the secondary 
winding of transformer Tr2-, thyratron L2-5, and capacitor C2-18a; 
the other is formed by the secondary winding of transformer “r2-). 
thyratron L2-6, and capacitor C2=-18b. 


Thus, for one half+period the voltage of the secondary winding 
charges capacitor C2-18a through thyratron L2-5, and for the other -- 
capacitor C2-18b through thyratron L2-6. 


The total voltage with respect to the frame which is taken from 
point "a" is equal to = 1,150 v. 


The modulator thyratron is the load of the rectifier. 


Divider resistors R2-22, R2-23, and R2=2) (1 Megohm each) are 
connected in parallel with capacitor C2-18. The purpose of the divider 
is to create a capacitor discharge circuit; that is, it is the ballast. 
load of the rectifier. 


These resistors protect the capacitor from disruption curing no- 
load operation of the rectifier. 


To provide step regulation of voltage at the output of the high= 
voltage rectifier, the primary winding of the transformer is made witk 
taps. By switching the tap, which is connected to a ~ 115 v, OC cps 
network, it is possible to change the voltage in the secondary wirding, 
increasing it or decreasing it relative to the position of the switch 
by changing the transformation ratio. 


ye) Firing rectifier for ATR tube 


The firing rectifier for the ATR tube is tube TKh2 (L2-10) 
(fig. 25). 


A voltage of - 750 v is applied to the anode of TKh? from the 
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secondary winding of transformer Tr2-10. 


The rectifier operates in a single half-period rectification 
circuit. 


The rectified voltage is taken from capacitor C2-31. This vweltae 
is applied to the firing current stabilizer of the ATR tube, which 
comprises tubes L2-15 (SG-5B) and L2-16 (6578). 


The stabilizer circuit maintains the load current during changes 
in input voltage as well as during changes in load resistance. 


Triode 687B is used as a control tube in the stabilizer. In orde1 
to compensate for large negative bias formed by a voltage drop at the 
cathode resistor R2-39, a constant reference voltage is applied tc the 
control grid cireuit of the control tube (tube L2-15 (SG5B) is used ag 
the source of the reference voltage). This voltage acts counter to the 

ae voltage in resistor R2-39. The voltage is taken from potentiometer 
SPN 66 R2-78. By using the potentiometer to regulate the bias in the cortrel 
grid, it is easy to establish the required load current. Resistor: 
R2-39, which is connected to the cathode circuit of the control trbe, 
represents a current feedback element with which current stabilize tior. 
is achieved during changes in load resistance. Let us assume thet 
the load resistance increases for some reason. This causes a decrsase 
in the anode current and a voltage drop in resistor R2-39, and, ccnse- 
quently, a decrease in megative bias at the grid of control tube 12-1é. 
The resistance of tube L2-16 for a constant current will drop and the 
load current will remain almost unchanged. With a decrease in loed 
resistance the bias at the grid of tube L2=16 increases, the resietance 
of tube L2-16 increases, and the load current also remains practically 
unchanged. 
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ie 16. High-Frequency Device of the Recelver-Transmitter Unit 
SPN 67 ae 
a) Function 


The high-frequency device of the receiver-transmitter unit is 
designed for generating powerful high-frequency pulses, for transrit- 
ting the energy of these pulses to the antenna-waveguide system, tor 
switching the antenna-waveguide system from transmit to receive, end 
for converting the received high-frequency signals to i-* signals. 


The high-frequency device includes the following elements: 


high-frequency magnetron oscillator; 
antenna switch; 

receiver mixer; 

AFC mixer; and 

klystron oscillator. 


hb) The high-frequency device 


In order to perform the above functions the radio-frequency head 
is arranged according to the block diagram shown in figure 26. 


The antenna switch consists of a main waveguide with a discharge 
tube for blocking the magnetron (BP) and one wide-band discharge tube 
for protecting the receiver (RZP). 


When transmitting, a high-power pulse from the magnetron causes 
the discharge tubes to disrupt and fire and an infinitely large resis- 
tance is created at the inppt to the receiver channel (according to 

is the rule of quarter-wave sections of long lines); in this case al: the 

SPN 69 energy of the magnetron passes to the antenna without significant 
losses, and the receiver mixer is blocked to the degree that the 
leakage power to the receiver channel cannot cause damage to the 
crystal detector. 


During reception of the reflected signal from the target, the 
magnetron channel is blocked by the transmitter blocking discharge 
tube, and since the tube is located at a distance which is a mult:ple 
of half a wavelength in the waveguide from the receiver protection 
discharge tube, an infinitely large resistance is formed at the inout 
of the magnetron channel which prevents weak-signal losses in the mag- 
netron branch. 
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Thus, the received signal enters the mixer of the receiver without 
significant losses. At the same time, the mixer receives high-frequenc): 
oscillations from the klystron oscillator which operates continuotsly 
at a frequency differing from the received signal by the value of the 
intermediate frequency. 


Due to the nonlinear characteristic of the crystal detector, an 
i-f signal voltage appears at its output and passes to the i-f ampii- 
fier. 


Simultaneously, the firing voltage is applied to the trigger 
electrode. 


Se There is a separate channel for the AFC system which is connectec 

SPN 70 to the magnetron channel through a cutoff attenuator. The purpose of 
the attenuator is to weaken the power diverted to the magnetron chan- 
nel to the level required for normal operation of the AFU mixer. 


Operation of the AFC mixer is identical to that of the receiver 
mixer. 


The difference frequency signal taken from the output of the 
AFC mixer enters the input of a special circuit, and from the output 
of this circuit a control voltage moves to the reflex klystron. lience, 
the frequency of the kKlystron oscillator is regulated by the APC cir~ 
cuit by changing the voltage applied to the klystron until the diiferenc: 
between the frequencies of the klystron and the magnetron equal the 
intermediate frequency. 


In this manner, up until the moment of arrival of the signal re- 
flected from the target, the frequency of the klystron oscillator is 
adjusted to the frequency of the received signal. 


v) The magnetron oscillator 


The range-only radar "Kyant" uses a type MI-158 multicavity 
magnetron to generate high-frequency oscillations. 


At the present time multicavity magnetron oscillators are the 
basic type of radar oscillators for the centimeter-wave bani. this car 
be explained by the fact that multicavity magnetrons have a numbe: of 

2s advantages over other types of high-frequency oscillators. “or in= 

SPN 71 stance, multicavity magnetrons are capable of providing large values 
of power in a pulse of comparatively small average power, anc the: 
have a high efficiency which may reach 70%. 
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The magnetron oscillator operates in a pulse mode with a pulse 
repetition rate of 800 é¢ps and generates high-frequency pulses having 
a pulse power P 35 kw. “requency of the high-frequency oscillations 
is 9,370 & 45 Mc. 


The principle of operation of the magnetron may be represented by 
a diode in which the flow of electrons is acted upon not only by an 
electrical field, applied between the anode and cathode, but also a 
magnetic field which is created with the aid of permanent magnets and 
directed perpendicular to the electrical field. 


As a result of the action of the electrical and magnetic fieids 
on the flow of electrons, the trajectories of the electrons are dis- 
torted. Their movement may be represented by the curves shown in 
figure 27. 


This curved electron flow, in passing close to slots which con- 
nect the cavity resonators with the cavity between the anode and 
cathode, releases its energy and excites high-frequency oscillatiens 
in the cavity resonators which, by means of coupling loops, are fed to 
the main waveguide. 


The cavity resonators and the slots form the oscillatory system 
of the multicavity magnetron; the shape of one resonator with a slot 
is shown in figure 28. 


Ee Thus, the cylindrical portion may be considered an inductance L, 

SPN 72 and the flat portion -- the capacitance of an oscillatory circuit 
whose natural frequency f, may be approximately determined from the 
formula: 1 


~ DYE 


In view of the presence of many resonators in the magnetron, its 
oscillatory system proves to be very complex and, as is known, has not 
one but several resonance frequencies. In order that oscillations of 
only one frequency be excited in the system and that the frequency of 
the oscillations be stable, so-called cavity resonator strips are used, 


The cavity resonators are arranged in a circle in a heavy copoer 
block. A coupling loop is inserted into one of the resonators to con- 
duct the high-frequency energy to the main waveguide, which transmits 
it to the antenna. One end of this loop is soldered to the wall of 
the resonator and the other end is placed within the waveguide. An 
inner wire of the line passes through a glass seal which serves te 
hermetically seal the inner space of the magnetron. 
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In the middle of the anode block is a cylindrical heater cathode; 
which has a comparatively large dlameter, providing a sufficiently 
large active surface necessary to obtain a large emission current. Un 
both sides of the cathede are shielding discs which improve the struc- 
ture of the field in the interaction space. 


a The cathode is fastened within the magnetron by means of hoiders 
SPS 7h which serve simultaneously as the cathode and filament leads. 


A node on the holder performs the function of a high-frequeng:; 
choke and prevents the flow of high-frequency energy through the fila- 
ment leads. 


A permanent magnetic field is created with the aid of a magnetic 
system consisting of a horseshoe magnet. 


When a negative pulse equal to 5,500 v flows to the cathode of 
the magnetron, the magnetron is excited and generates high-frequency 
oscillations which, with the aid of the coupling loops, are fed to the 
waveguide. 


For convenience and safety of operation, the anode of the magne- 
tron is grounded (since it is not convenient to insulate the anode 
because of the large dimensions involved), and a modulating pulse of 
negative polarity is applied to the cathode. 


g) Schematic diagram of radio-frequency head 


A schematic diagram of the radio-frequency head is given in 
figure 29. 


The radio-frequency head consists of three basic parts: the 
antenna switch, the oscillator (heterodyne), and the mixer device. 


We will examine each of these parts. 


a Antenna Switch 
SPN 75 

The antenna switch, as was noted above, consists of discharze 
tubes for blocking the transmitter (BP) and for protecting the 
receiver (RZP). 


Discharge tube tyoe RR-50 is used as the RBP and wide-band dis- 
charge tube RR-21 is usei as the RZP. Both types are designed to 


- 68 - 
SECRET 








50X1-HUM 

















Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 


Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 


SPN 77 


SPN 78 


SECRET 
50X1-HUM 








operate in the required frequency range. 


For purposes of improving matching, a part of the main waves uide 
in the plane of RZP is made in the form of a 120-degree degenerate 
Y-joint. To accelerate the discharge, the 2ZP is equipped with « 
special firing electrode which is supplied by a current~stabiliged 
firing rectifier. 


When operating the antenna switch under low-temperature conci- 
tions, special attention should be devoted to one other parameter of 
the discharge tubes -=- the recovery time. It is know that recovery 
time increases sharply with a decrease in ambient temperature. This 
means that the sensitivity of the radar set at negative temperatures 
will be considerably less than required during the recovery xeric of 
the discharge tube, which corresponds to a range of 1,000 to 2,000 m. 
Therefore, a warming system is used in the antenna switch to achi=ve 
a normal recovery time. 


The warming system comprises a heating element and a thermo- 
regulator. 


A schematic diagram of the system is given in figure 29. 


The heating element and thermoregulator are placed in discharge 
tube RR-21. The magnetron blocking discharge tubes do not have special 
heaters since they have less effect on the total recovery time of the 
antenna switch. 


Let us examine the heating system for RZP. 


Under normal temperature conditions when the set is switched on, 
contacts 2 of the thermoregulator are open and the heater is switched 
off. 


The thermoregulator has been adjusted so that contacts ? close 
at a temperature of no less than « 5°C, and open at a tenperature 
greater than + 40°C, The heater for the discharge tube are switched 
on in this manner through contacts 2, 


As soon as heating begins, the temperature in the shell 2f the 
discharge tube begins to rise. 


Thus, the heater system will automatically maintain the tempera- 
ture in the shell of the discharge tube within limits up to + 0°C 
with ambient temperatures up to - 60°C. A bimetallic strip relay is 
used for the thermoregulator. 
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Mixer Device 


The mixing device is designed as a balancing network. High 
reliability silicon detectors type DO5-B, DOS-BP are used as miz:ers 
in the receiver channel, and type DlO5-A, Dl05-AP in the AFC charmel. 


The use of a balancing network makes it possible to suppress 
klystron noises at the output of the mixer; thus, there is a gai: in 
sensitivity on the order of 2 db. The balancing part of the mixer is 
a slotted bridge. The bridge connections are compact ani wideband. 


The slotted bridge is formed by two sections of a rectangular 
waveguide with a common with a common narrow wall. In this common 
wall is a slot which forms a coupling section between the two wave- 
guides (fig. 30). 


The properties of the slotted bridge are completely identical for 
any arm under conditions when the remaining three arms are loaded with 
matched loads. 


If a power is applied to arm "1", it will be divided in half be- 
tween arms "3" and ")" and will not go through arm "2", 


This property of the bridge is explained by the fact that twe 
types of waves originate at the boundary of the coupling section thick 
compensate for each other in arm "2", 


An important property of the bridge is that the wave in arm "i" 
leads the wave in arm "3" by 90. Thus, the power levels in both arms 
are identical. With a phase shift differing from 90 » the division 
of power in the arms is unequal. 


In the practical design of the slotted bridge, equal power distri- 
bution at the averace frequency of the wavehand is achieved bv tuning 
the slotted bridge with a capacitance control screw. 


When the slotted bridge is used in the balancing mixer, crystal 
mixers are attached to arms "3" and "", A mixer circuit with reversed 
polarity of the crystals is used in the described radio-frequency “ead 
(see fig. 31). This drawing shows only the high- and intermediate- 
frequency circuits. 


Let us examine how xlystron noise suppression occurs in this 7ase. 


The physical nature of i-f noises of the klystron are the same as for 
the received i-f signal. At the same time, the noise components of 
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the noise spectrum of the klystron, the frequency of which differe 
from the carrier frequency by the value of the intermediate frequency, 
are mixed with the carrier in the mixer and produce klystron noise, 
which have been converted to i-f, at the output of the mixer. The am- 
plitude of these noises is proportional to the power of the klystron. 
From here their further amplification in the i-f amplifier is undesirm 
able, since they increase the total noise of the receiver and decrease 
sensitivity. 


Mathematical analysis shows that if the signal were directed: into 
the same arm as the oscillations of the local oscillator, there weuld 
appear at the output of the mixer with reversed polarity crystals 
i-f voltages which would be equal in amplitude but opposite in phase. 


If the signal were directed into one arm and oscillations into 
an adjacent arm (see fig. 31), the i-f voltages at the output would be 
equal in amplitude and in phase. 


Following this explanation it is clear that the oscillstor neises 
entering the same arm as the carrier are cancelled at the outout, while 
the i-f voltages of the signal are added, since the oscillations of the 
signal and the oscillator enter different arms of the slotted bridre. 


Figure 32 shows that in the d-c component circuit both crystals 
are connected in series and the same current passes through the crvs- 
tals. Therefore, it is possible to control the current of anv one 
erystal. This control is carried out by measuring the voltage droo 
across a known measuring resistor (in our case, 100 ohms.) 


Series connection of the crystals in the d-c component circuit 
provides for automatic positive field current in one crystal from the 
current of the other. Such a mixing cifcuit has a balancing action. 

No matter to what extent the crystals differ in d-c resistance, imoe- 
dance at high frequencies, and in other parameters, when thev are con- 
nected in such a circuit the current in the crystals becomes commi=tel’: 
identical and the parameters of the cryatals approach each other. 


This latter condition: is very necessary from the viewpoint o° 
the degree of suppression of klystron noises. 


As seen from the circuit (fig. 29), the balancing mixer has a 
single-cycle output and is connected to the input of PUPCh (i-f ampli- 
fier) by a single high-frequency cable. 


From the viewpoint of coupling to the input of the i-f arplifier 
and measuring crystal currents, a balancing mixer with reversed crys- 
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tal polarity in no way differs from a single-cycle mixer. 


In the AFC mixer channel (after the cuseff attenuator [7]) (ace 
fig. 29) is a varkbb resistive attenuator (6] for adjusting the 8..gnal. 
amplitude from the main waveguide to the necessary value. ‘the cwsoff 
attenuator is a circular opening in the waveguide. The attenuation os 
the cutoff attenuator depends on the diameter and length of the aneninr. 
An Alsifer probe is inserted into the opening of the attenuator tc 
suppress high harmonics of the mametron signal. 


The variable attenuator is a pertinax plate covered with carton, 
Maximum attenuation of the attenuator is not less than 25 db with a 
standing-wave ratio of no more than 1.). Attenuation of the cuto:f 
attenuator is equal to 51 4 3 db. 


Current in the AFC crystals is measured in the same manner a: in 
“ the receiver crystal -- with the aid of a special filter box consisting 
SPN 83 of capacitors and inductances. 


Oscillator 


Klystron K-27 is used as the local oscillator in the r-f hear’ of 
object RB6-2M. 


R-f oscillations from the oscillator [1] enter the head through 
a special coaxial waveguide junction [15] (fig. 33) which is connected 
to one of the arms of the distributing slotted bridge. ‘he energy of 
the oscillator is distributed in the slotted bridge between the AFC 
and the receiver channels. The fourth arm of the distributine slotted 
bridge is loaded with a matched absorption load made in the form of a 
wedge of special shape. ‘he standing-wave ratio of the load is ne 
greater than 1.2 [16]. 


The oscillator and antemna channels are bypassed through the use 
of the balancing circuit of the mixers, which eliminates the vassace 
of energy from the oscillator to the antenna and the signal to the 
oscillator. 


Regulation of the power of the klystron entering the mixer is 
accomplished by the use of variable attenuators [4,5] of the Laminated. 
knife-type. Attenuation is introduced by lowering the plates inte the 
waveguide. Attenuation is not less than 25 db with a standines-wav=> 
ratio not greater than 1.4. The absorbing plates improve the mate ving 
of the klystron load. 


Ses 
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d) Design features of the radio-frequency head 


SPN 85 
A general view of the radio-frequency head is given in figure 3h. 


In order to decrease weight, the entire radio-frequency head is 
made with aluminum waveguides. The slotted bridges, attenuators, and 
the detector section are made of 10 X 23 mm waveguide sections. 


For compactness, the entire receiver section of the radio-fre- 
quency head is designed in the form of a four-component subassemblv. 
All four detector sections of the two balancing mixers are located in 
a line, and replacement of the crystal detectors may be carried out 
from one side of the radio-frequency head. 


When replacing the crystals it is necessary to make sure that the 
type and polarity of the crystals correspond to the type and volarity 
specified in the r-f hsad. When this is not done, crystal current wil: 
be very small or close to zero and sensitivity will drop sharvly. 


The r-f head has two controls for regulating the crystal current 
: 87 of the receiver and AFC mixers. The controls have lock nuts. 
ey 
er The local oscillator section:is attached to the unit separately 
from the remaining part of the r-f head and is connected to the latter 
by means of a coaxial waveguide junction. 


The radio-frequency head also has a filter box consistinz of za- 
pacitors and inductances which are connected to the crystal curren: 
measuring circuit. 


17. Automatic Frequency Control of the Klystron 
AFC (Figure 2) 


The frequency of the magnetron oscillator and the klystron oscil- 
lator may change during operation of the radar. This change may be 
caused by a change in ambient temperature, pressure, power supply 
voltages, or for other reasons. 


At the same time a change will occur in the intermediate frequen- 
cy, which is equal to: 


§ int. = f uly. - f mag. % 
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where: ¢ int. is the intermediate frequency, { kly. is the *requency 
of the klystron oscillator, and S mag. is the frequency oi’ the magne 
tron oscillator. 


The AFC system is intended to maintain a constant intermedi.:te 
frequency by electronically adjusting the frequency of the klystron 
oscillator to that of the magnetron oscillator. The AFC system operetes 
from the natural pulse of the transmitter, For this purpose there is 
a branch in the main waveguide line through which part of the energy 
of the magnetron oscillator is diverted to the mixing chamber of the 
AFC, This branch of the waveguide line is a cutoff attenuator with er: 
attenuation on the order of 50 db. 


This attenuation is determined by computing the maximum leakage 
power to the crystal which will provide for its normal operation, 


The load of the crystal detector is the input circuit of the AFC 
circuit in which the difference frequency voltage is derived. 


Operation of the AFC is of a "searching" nature. 


The "searching" AFC is capable of tuning the klystron oscillator 
within wide limits. 


The AFC circuit functions in the following manner: 


At the moment of emission of a main pulse, a difference frequency 
pulse passes from the crystal mixer to the input circuit, which is 
tuned to a difference frequency of 30 Mc. 


The first stage of L2-17, comprising tube 6Zh1B, is the i-f ampl:- 
fier whose anode load is the standard band cirevit TR2=8, which is 
tuned to a frequency of 30Mc,. 


The bias in the control grid is automatic and is formed by a drey: 
in voltage across resistor R2-\7, Capacitor C2-39 is blocking for the 
difference frequency. Capacitor C2-38 blocks the screen grid and is « 
filter for the + 150 v eircuit. 


The amplified difference frequency pulse passes to the contrel 
grid of tube L2-18, whieh is the second i-f amplifier stage. Amp) ifi- 
cation of this stage is controlled by changing the negative bias at 
the control grid of the tube. A change in bias is made with the pid 
of potentiometer R6-5 ("AFC Gain") located on the control panel K+6, 


In its normal state tube L2-18 is closed and opens only at the 
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SPN 90 moment of emission of the main pulse, when a positive AFC tripger 
pulse (80 v) is applied to the screen grid. 


Thus, the AFC system operates only on the basis of a natural 
signal, and will not respond to other signals. 


From the anode load of tube L2-18 -~ a resonance circuit comri- 
sing coil L2-20, the output capacitance of the tube, and the moun>ing 
capacitance, a signal passes to the discriminator, which is based on 
tube L2-19 (6Kh2P) (Fig. 35). 


The discriminator is one of the basic elements of tie AFC system: 
it converts the change in difference frequency to changes in ampl:tude 
of a video pulse, the value and sign of which vary according to chang+ 
es of difference frequency relative to a frequency corresponding +o the 
zero error signal of the discriminator or, as we will henceforth call 
it, the crossover frequency. 


The input circuit of the discriminator (coil L2-21 and capacitor 
C2-6 and C2-)7) determines its most important characteristics: the 
width of the frequency band (the frequency separation of the positive 
and negative humps of the frequency characteristic), and the cross- 
—_ over frequency. 
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Resistor R2-59 and capacitor C2-49 make up the load of one d‘ode 1 92 
of the L2-19 tube, while the resistor R2-60 and C2-50 make cr the ln 
of the second diode of L2-19. 

These loads are connected symmetrically with respect to the difs- 
eriminator, while the voltages on them are subtracted. Coriseauently 
the output voltage of the discriminator represents the Jifferene: of 
yoltage taken off the load of each diode of the L2-19. 

Shown in figure 36 are all stages of the transition fror the 
schematic diagram of the input circuit to the equivalens circuit. 

According to the diagram, capacitor Ca is equivalent to the 
capacitance introduced in the circuit by both diodes. Capacitors 
C2-46, C2-47, and C3 make up a triangle which is replaced by an 
equivalent star of capacitors Cl, C+ Con- 

Resistors R2-57, R2-58 make up the "middle point” of the cot} 
Le-21, and are replaced by one resistor Ra, directly connested with 
the middie point of the coil L2-21. 

Shown in figure 37 is the complete equivalent circuit of the 
discriminator. In the circuit, preceding the discriminstor. she 
L2-18 tube amplifier 1s replaced by an equivalent generetor "7," 

Half of coil L2-21 .nd capacitors Cl and CII make up two 
resonant series circuits, tuned to frequencies ff, = 28 and f, 2 32> 
megacycles. 

With a change in the value of the inductance of the coil 12-21. 

a certain retuning of circuits I and II is possible, and 2 


consequently, a change in certain range of frequenctes for ine 
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wr! crossover of the discriminator response. Since the 3-factor of 
the circuits is differen, amplitude asymmetry of the negative 
and positive humps of the frequency characteristics results. 

Since in the circuit under examination only the positive ‘ump 
of the frequency characteristic of the discriminator is used, 
the amplitude asymmetry of the humps is quite permissible and 
is even desirable. 

As a result of applying a frequency difference pulse on iis 
input, a video pulse ["signal-error”] is generated at the outout 
of the discriminator. The magnitude and sign of the error signal 
depend entirely on the extent of deviation at a given instant, of 
the difference of heterodyne and magnetron frequencies from tne 
intermediate frequency. ‘he characteristic of the discriminator 
is shown in figure 38. 

If the difference frzjuency is less than the crossover frequercy, 
the error signal is positive and is all the higher in amplituce tic 
greater the difference frequency differs from the crossover frequency, 
and vice versa, if the difference frequency is greater than tne 
erossover frequency, then the error signal is negative and is all the 
higher in amplitude the greater the difference frequency differs irom 
the crossover frequency. From the output of the discriminator the 
error signal passes through capacitor C2-51 to the control grid a 
the video amplifier tube L2-20-a [6N3P] and from the plate load at 
this amplifier R2-62 to the second stage of the video amplifier 


{L2-20-b]. 
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From the plate of L2-20b the video signal passes throvgh p 96 
capacitor C2-56 to the control grid of the regulator tube L2-2.b 
[6N2P], which operates as a grid-leak detector. 

We examine the operation of the grid-leak detector shown in 
figure 39. 

If on the last video amplifier a positive video pulse appenrs, 
then capacitor C2-56 starts to charge up with respect to the Cc2-56 
circuit: the grid-cathode section of the tube L2-2lb, C2-57a, 
ground, the 150-volt power supply, R2-66, R2-65, Cc2-56. 

The time constant of this circuit is small, since during the 
time of duration of the video pulse the capacitor is able to 
charge up almost to the amplitude value of this signal. 

After termination of the video pulse, the capacitor starts to 

al discharge through the circuit: internal resistance of the tube 
L2-20b, ground, capacitor C2-57a, resistor R2-75, capacitor C2-56. 

The time constant of this circuit is idnpe, and capacitor 
C-56 is not able to discharge completely before the arrival of the 
next pulse. 

The discharge current causes the appearance on resistor R2-75 
of a voltage, applied negatively with respect to the control grid, 
which drops the current through tube Le-2lb. 

Because of this, the voltage drop across resistor R2-73 is 
lowered, and the negative voltage at the output and feeding the 
klystron heterodyne repeller rises, which increases the generating 


frequency of the klystron. 
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Therefore, the nex! pulse arriving in the APCh (AFC) system » 38 
will-have a higher difference frequency. In the discrimina or, 
this pulse is converted to a video pulse with a smaller amplitude thr 
the preceding video pulse. This is clear from the frequency chavacterict4- 
of the discriminator (figure 38). 

Since capacitor C2+55 is not able to discharge completely before 
the arrival of the next video Bipnal, it is only given an additirnal 
charge from this signal, but of a smaller magnitude. 

In the event of arrival of the pulse at the input, the differences 
frequency which equals 30 megacyéles, in the grid detector is establtaired 
balance, i.¢., the capacitor is given an additional charge @:nal -o 
the discharge prior to the arrival of the next video pulse. At toe 
output of the AFC, in this case, the voltage, which is fed ¢n the 
klystron repeller, is changed little and the klystron frequency 
remains, in fact, fixed, 

If the difference frequency is changed in a manner such that ++ 
becomes larger than the crossover frequency, then the circuit of 
the AFC converts to the search mode. On the output of the discrimnata: 
and subsequently, on the output of the video amplifier, will appear 
negative pulses, which will not provide an additional charge +o ca get.sr 
C2-56. 

Consequently, the negative voltage on the grid of tube LP-Plb will 
be lowered, which will lead to an increase in the plate current of 
tube L2-2lb. 

Moreover, the negative voltage on the cathode of the cube 
L2-21b will be reduced s0 rapidly and reach such a value that the 


blocking generator tube [L2-2la] opens. 
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The blocking generator [L2-2la] operates in a wait mode. 

The oscillations of this generator, from the cathode of the tude 
L2-2la through capacitance C2-54 and resistor R2-59, are applied t> 
the grid of the video amplifier [tube L2-20b]. 

Since there is a zero potential on the control grid of this tune, 
the positive pulses of the blocking generator are clipped because 0f 
the grid currents of the tube, while the negative pulses, which were 
previously differentiated, are amplified. 

From resistor R2-65, which is the plate load of tube L2-2db, 
the amplified pulses of positive polarity are fed to the grid 
detector [tube L2-2lb]. 

As a result of the detection of these positive pulses, 
capacitor C2-56 charges. 

Moreover, the negative grid bias of L2-2lb increases, which 
leads to a drop in the current of this tube and an increase in the 
negative voltage at the cathode. 

This increase in negative voltage reaches a value such that the 
blocking generator tube is cut off. 

After this, capacitor C2-57 begins to discharge slowly until tue 
blocking generator does not open again. 

This "search mode" will be continued until the difference 
frequency remains equal to 30 megacycles. Now, the APCh (AFC) circuit 
ts automatically returned to a regulating mode, while the blocking 2 
generator at this moment is cut-off. 

A potentiometer R2-71 serves to establish the necessary value 
of the reference voltage for the A®Ch search, with the aid of whigh 
the voltage on the cathode of the blocking generator is reguiated. 
This voltage is established in a manner such that its value corres jond:: 
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to the middle of the generating region of the klystron,. 

















A general view of tha APCh (AFC) is shown in figures oO anaé 41 
The schematic diagram is shitwn in figure: h2. 
18. Structural Design of the Unit [Figure 3] 

The receiving-transmitting unit is structurally on a welded chassis, 
which is rigidly fasterled by screws from the front panel, The chassis of 
the unit is housed in a cylindrical case on which a ring moves to fasten 

the: ones to the front panel of the unit. The maximum diameter of the 
unit D = 20 millimeters, the length L = 368 millimeters. 

To provide the unit with the necessary air tightness from the 
internal side of the front panel, there is a circular groove containing 
a rubber lining. 

The flange of the case is fastened to this lining by the movable 
ring using screws with washers and springe, There are fins on the case 
to increase the cooling surface. 

On the front panel of the unit are located: 

a) 17-pin sealed plug-type connector for connetion with the 
intermediate cable. 

b) Sealed waveguide outlet for connecting the antenna-wavezuide 
system to the receiving-transmitting unit. 

v) Sealed high-frequency plug-type connector which serves +o [SPN 2OLj 
connect the PUPCh with the main UPCh. 

&) Sealed high-frequency plug-type conneton for planking pulse 
outlet. 


d')} Nipple for pumping air. 
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Perpendicular to the front panel is fastened the chassis which 


we has openings of complex configuration through which pass the projecting: 
sections of the radio frequency head, the magnetron, and the <iveis-pe 
of the thyratron. 

Located on the chassis from the top are: intermediate frequency 
preamplifier in the form of a separate subpanel, APCh (AFC) subparel, 
recnarge choke, pulse transformer, K-27 klystron, switch for primecry — 
winding of high-voltage transformer, shaping line. 

Located underneath the chassis are: radio frequency heaa, 
magnetron, high voltage transformer, filament transformers, 14n MUL . 

The magnetron generator is located so that the magnets with tie 
oscillatory system of the magnetron are located in the lower part 
of the unit and the leads of the magnetron filament and the sataoie 

aa are located in the upper part of the unit. 
V. Range-only Radar Receiver Unit ‘ 
19. Function of Unit 
The range-only radar receiver unit is designed for: 
a) Amplifying intermediate frequency signals and converting, 
them to video signals 
pb) Search, lock-on, and range tracking of the target ia the 
operating range, and generating 4 voltage proportional to s1¢ 
range to the target Por two operating modes. 
v) Signalling the lock-on of the target 

In the absence of signals reflected from the target, tas uni. is 

in the search mode. The search range is set by the "RS-S$" switch 
_ ae 
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located in the piltt's cabin. With the appearance of a signal reflected 














from the target, the unit is switched to the tracking mode and generates 
a voltage which is proportional to the distance to the target. With the 
simultameous appearance of several targets in the zone. swept by the 
range~only radar, the system for determining distance will jock-on. ti: 
closest one of them, and a voltage will be established on the output 

of the unit proportional to the distance to it, 


20. BASIC TECHNICAL CHARACTERISTICS OF THE UNIT 





a) Search limits 

in "A" mode -- 200-3,200 meters 

in "B" mode -~ 800-7,500 meters [aPN Lt 
b) Papenderice of range voltage on distance to target: 


in "A" mode -- Ud [v] = 195 - Dim] 

20 

iol in "B" mode -- Ud [v] = 195 - D[m 
Lt 


c) Maximum statistical error of introducing range voltage: 
in "A" mode -- no more than +15 meters in a@ distance 
range of 1,00-2,000 meters 
in "B" mode -= no more than + 100 meters in a distance 
range of 800-7,000 meters 

wv) Search frequency -= 1 cycle + 0.2 cycle 

d) Resolution -—- 200 meters 

e) Storage time -- 2-3 seconds 

zh) Triggering lag time of relay RZ~-3 «= 1-1.5 seconds 

z) Dimensions of unit -- 300 x 152 x 180 

2) Weight of unit -~ .7 kilograms 
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el. Description of Unit Qperation Based On Functional Diagram (figere 43} 
a) Search Mode 


The negative triggering pulse, taken off of the winding of the »ulse: 





transformer of the modulator [unit RB6-2M], arrives in unit RBO-3, and 
through diode L3 is fed to the plate of the multivibrator for triggering 
a "fast saw" [13-13]. The multivibrator is triggered by this pulse 
and generates a positive Square wave of at least 50 microseconds, 
triggering the "fast saw" generator. The "Past saw" generator 
[13-14] generates a negative saw-toothed pulse which is sent to the 
comparator circuit. The frequency of the saw-toothed pulses of the 
"fast saw" has the repetition frequency of 800 cycles, the amplitude 
changes from 195 to 35 volts. 

had In addition to saw-toothed pulses at the input of the comparison cir. [p 109] 
cuit, a voltage arrives which is generated by the search circuit. This VOL Se 
age also changes according to the saw-toothed law, but approximetely 50,0(¢ 
times slower than the voltage of the "fast saw" [frequency of 1 cycle}. 
This voltage is sometimes called "slow saw", and the circuit generating 
this voltage, the "slow saw" generator. The "slow saw" voltage varies in 
the range from 135 to 20 vélts. 

As a result of comparing the "fast saw" and "slow saw" voltages, a 
negative pulse is generated on the plate of the comparator diode fL3-15], 
the onset of which, as the "slow saw" voltage decays, lags more and mo-e 
behind the triggering pulse of the transmitter. This pulse is am lified 
by L3-22a, differentiated, and again amplified by L3-l6a. The pulse on 


the plate of L3-16a triggers the range pulse blocking generator L3-l6b. 
— = 99 - 
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The blocking generatar generates a pulse with 0.7-microsecond 
duration and an amplituis of 1OO volts called the range pulse. 
This pulse is fed to the time @iseriminator circuit on toe screce 
grid of the coincidence tube [13-16] and through a 0.4 microsecond 
delay line to the screen grid of L3-18. The pulse taken “rom tne ceiaj 
line is sometimes called the "gecond" range pulse. 
As is clear from figure /, in the search mode, as the "slow san 
voltage diminishes, the range puls*s are shifted in the direction po ee 
of an increase in the range. Therefore, with the operation oe the 
"slow saw” generator, they pass periodically, once a second, vurow 7h 
the entire distance raug*. 
From the plate of the receiving channel {L3-7], the noise voltuge 
arrives at the output of the eircuit for automatic gain control of nols:. 
asl The circuit maintaiss a constant receiver noise level with a varie- 
tion in external factors {power supply voltages, tube aging, etc. - 
To eliminate the influence on the operation of the AGC noise ciraiit 
reflected signals, the cireuit is modulated by 4 negative puisé Q° abia. 
50 microsecond duration, applied on the suppressor grid of Ls-¥- 
The windings of relays R3-1, R3-2, and R3-3 in the sears; mod- 
are de-energized, the relays are in the released state. 
pb) Tracking Mode 
The pulses reflected from the target, preamplified ®n the 
receiving-transmitting unit, arrive at the input of the intermeda ate 
frequency amplifier [ L3-l--L3-5]. Amplified in the UPC) (IF amp.) arc 
detected by the second detector (L3-6a], the target signal arrives a: 
the input of the video amplifier [L3-7a]. After amplificat’ on turowy. 
the cathode follower Lj-/b, the target pulse is fed to the input of 
the time discriminator [L3-18, 13-1 qh eet - 100 - 
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= No coincidence circuit and the recharging diodes with the 

capacitance integrator {sometimes called ene diffference detector) 

make up the time discriminator. In the search process, “he range , dal 
pulses, passing through the entire range band, at a certain time 

coincide with the target pulse. Negative pulses appear on the 

plates of the coincidence tubes, feeding into recharging dioces and 

the automatic lock-on circuit. Relay R3-1, which is the pr’mary 

actuator of the automatic lock-on circuit, operates and engnges 

relays R3-2 and R3-3. 

After operation of all relays, the unit converts from the sea-ch 
mode to the tracking mode. One of the relay contacts feeds a sigual 
of -27 volts to the sight and the "lock-on" signal lamp in Sne 
sight goes on. 

Starting from this instant of time, the position of the range 
pulses is not controlled by the "slow saw" voltage, but by che 
voltage produced by the control unit circuit and depending on the 
magnitude and sign of the error arriving at the imput of the dupiex 
integrator from the time discriminator circuit. 

Relays R3-2 and R33 switch over the elements of the "slow saw” 
generator circuit {L3-23], and the latter becomes the second 


integrator of the control unit. 
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The voltage on the plate of the first integrator [13-26], 
which until lock-on is determined by the "wait" voltage taken ff 
of the grid of L3-26 from the divider R3-36 and R3-133, after 
relay operates will be determined by the magnitude and sign of 
the error current from th= output of the time discriminator. 
Upon lock-on on the target, the target pulse usually pride 
coincides with the secoad range pulse at first. Now, the tims 
discriminator circuit praduces the negative error current fin che 


direction from the first integrator and to the time discriminator]. 
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Tube L3-26 in this case cuts off and the voltage on its plete 
increases, which results in the opening of relay L3-23 and, sub- 
sequently, the reduction in plate voltage. This voltage 
controls '- the range pulses through the cathode follower L3-£2b. 
The reduction in this voltage brings | about’ the shift of 
range pulses toward a large range, that is, the range pulses co- 
incide with the target. During the movement of the target, for 
example, on the approach 5 sreater. agreement takes place between 
the target and the first range pulse. Moreover, the sign of the 
error current becomes positive, tube L3-26 opens, and tube L3-23 
cuts off. The voltage on the plate of L3-23 rises, which causes 
the range pulses to move toward the same side and at the same ra-e 
as the target pulse. 

Range tracking is effected in this manner. The properties 
of the control unit circuit with two integrators make is possible 
to track a target moving at constant velocity without dynamic 
error, while the voltage on the plate of the first integrator 
(L3-26) is proportional to the velocity of the target. 

The voltage controlling the movement of the range pulses ani [$1 123] 
taken ; off of the cathode follower L3-22b, during tracking is 
proportional to the distance to the target. This voltage goes 
through the cathode follower L3-2la and is fed: a) in mode "A" 
to the sight computer, b) in mode "B" to sree ke K-&. 

Relay R3-3 trips within 1-1.5 seconds and the lag of the 
servo mechanism of the range unit increases, as a result of which 
fluctuations in the reflected pulse do not affect the range voltae. 
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At the same time, relay K3-3 transmits a smoothing signal to unit RBE-5 
which increases the lag of the servomechanism of the velocity unit. 

To maintain a constent target signal level, there is a device fcr 
automatic pulse gain control in the range unit. The pulse arrives 
at the circuit input from the amplifier plate of the automatic lock-cn 
{L3-19a]. 

This pulse is amplified, detected, and as a negative bias is fea 
to the control grid of the UPCh tube through the cathod follower L310. 
It is essential that the reflected signal be maintained at a 
constant level to provide accuracy in determining the distance to the 

target. 
The operation of the ARU noise circuit is identical in the searen 
mode and in the tracking mode. 
_ A detailed description of the operation of the elements in the 
ARU circuit is given in the section titled "Receiver". 


22. Description of the Operation of Unit Based On Schematic Diagram 
(Figure 73) :p 116) 
a) Trigger Multivibrator [Figure 49] 


For normal operation of the "Fast Sew" generator it is necessary thet. 
the pulse have an amplitude of at least 25 volts and a duration of 50 mien«- 
seconds. This pulse is generated by the multivibrator, which is assembled 
on the basis of a circuit with cathode coupling to tube L3-13 [6N3D]. 

In the initial state the right half of the tube is open, since 


there is a zero potential on the control grid and the 
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cathode, through R3-69, is connected with a -150-volt source. The 
current Of the right half of the tube, flowing across the cathocie 
resistance [R3-69], creates a voltage drop across the cathode 
closing the left half of the tube. The initial voltage from the 
divider R3-126 and R3-127 is applied on the grid of the left half 
of the tube. The magnitude of this voltage is chosen so that 
taking account of the bias in the cathode the left half of the 
tube will be reliably closed in the initial state, and the multi- 
vibrator will be triggered dependably upon douibentied of the 
triggering pulse. The miitivibreator is triggered through the 
cut-off diode L3-l2b, which is necessary for clipping off the pesi- 
tive portion of the triggering pulse. 

With the presence of a positive blip in the triggering pulse. 
the multivibrator becomes critical with respect to the magnitude 
of the triggering pulse and,consequently, undependable in operae- 
tion. 

The triggering pulse is fed: through the diode to the plate [SFY 1171 
of the left half of the tube and through the capacitor C3-h7 
to the control grid of the right half, thereby closing it. 

The current in the right half is diminished, lowering the 
voltage drop across the cathode resistance of the multivibrator, 
and the voltage on the plate lode R3-68 is increased. 

The lowering of the cathode py,, opens the left half ct 
the tube and results in a voltage drop on its plate. The voltage 
is transmitted through C3-47 to the grid of the right half, 


facilitating its blanking still more. As a result of the process 
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described, the multivibrator is opened “reversed”, the left half 
of the tube is opened, and the right half is closed. 

Capacitor C3-47, which in the initial state was charged to 
nearly the full voltage of the power supply, begins to discharge 
through the left half of the tube which is open. The capacitor 
discharges through the following circuits: internal resistance 
of the left half of L3+-13, R3-69, internal resistance of power 
supply, R3-70. In flowing through R3-70, the discharge current 
creates a voltage drop across R3-70, which maintains the right 
half of the tube in the blanked state. 

As the capacitor discharges, the discharge current gradually 
decreases, leading to a reduction in the voltage blanking the 
right half of the tube. At a certain instant of time this vol- 
tage becomes, in terms of absolute value, less than the tube [fee 1LLé} 
blanking voltage, and current appears in the right half of she 
tube. The appearance of current leads to the reduction in voltaze 
on the plate of the right half of the tube, and consequently 
to the blanking of the left half. In turn, the blanking of the 
Left half of the tube facilitates more effective opening of the 
right half, as a result of which the multivibrator “reverses ” 
to the initial state in which it was a before the arrival 
of the triggering pulse. The time constant of the discharge 
circuit C3=47 was chosen so that the blanking time of the right 
half of the tube is 60 micro_seconds. 

4s a result of this, a positive square pulse is separated 


a on the plateload of the right half of the tube with the indicated 
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_— length and an amplitude of 20-30 volts. 

This pulse is fed to the circuit of the "Quick Saw’ generator. 
To monitor the normal operation of the multivibrator, the cathode 
of 13-13 leads out tc a control point designated as wit 2 aaa 
located on the front panel of the unit. 

b) Fast Sawtooth Genezgtor. [Figure 50] 

Used as the " fast Saw" generator in the unit is a linearly- 
dropping voltage generator with Plate-grid capacitance. The " fast 
saw" generator is made up of a tube L3-14 [6Zh2P] and has two 
operating modes. 

In the first mode, mode "A", the generator produces a negative 
pulse with a linear leading edge of 25-microsecond Tenatie and } 

mode "B", of 60-microsecond. length [figure 51]. 

The change in pulse length is effected by connecting additional [cpr 319] 
resistors to the circuit of the control grid of tube L3-14, which 
are located in unit K-6, R6-17, RG6-18, R6-19. 

In mode A, they are shorted-out by relay R6-3 [contacts 1-9]. 

In the initial state, the tube is blanked through the plate 
circuit because of the application on thesuppressorc grid of a 
blanking voltage of -25 to -30 volts. The screen grid circuit of 
the tube is open so that the total plate supply voltage [+20C volts] 
is applied to the control grid through R3-72 and R3-73. The 
potential of the control grid is equal to approximately +1 volt. 

Capacitor C3-l9 is charged to nearly the total voltage 
fixed by the slider of the "zero range" potentiometer so that 


the voltage drop across the grid-cathode section can be disrezarde} 
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a because ox —a0e ome 

With the transmission to the protective grid of a positive 
pulse from the triggering multivibrator, the tube is opened 
through the plate circuit and capacitor C3-l9 starts tc discharg: 
in the following manner. 

a) In mode "A", internal resistance of L3-14, internal 
resistance of power supply, R3-78, R3-79, and R6-11. 

b) In mode "B", internal resistance of L3-14, internal 
resistance of power supply, R3-72, R3-73, R6-11, R6-17, R6-18, 
and R6-19. In the first instant the voltage on the plate of {SPN 1:3] 
L3-14 starts to drop sharply. This reduction in voltage is tran;- 
mitted through C3-49 to the control grid of the tube, increasing 
its internal resistance and lowering, consequently, the discharge 
current of the capacitor. Since in the initial stage the voltag: 
on the control grid is equal to approximately to +1 volts and the 
tube is completely closed at -6 volts, the initial negative vol- 
tage jump on the plate and on the grid of L3-14 is approximately 
he5 volts. 

After the initial jump the linear discharge of capacitor 
C3-49 begins. The discharge current flows through the discharge 
resistors indicated above and creates &@ voltage drop across then, 
controlling the internnl resistance of the tube. It is permissa@>le 
in the process of discharge that the discharge current start to 
diminish. It is evident, moreover, that the voltage drop across 
the discharge resistors diminishes and the tube L3-14 opens. 


The opening of the tube lowers the resistance in the discharge 
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circuit and consequently increases the discharge current, returning it 
to the initial value. An increase in discharge currents cause blank- 
ing of the tube which also results in the establishment of the 
initial current value. Because of the presence of such control over 
the internel resistance of the tube, the discharge process, while the 
discharge of the capacitor at constant rate results, as is known, in 
a linear reduction in voltage on its plates. 

Actually, the voltage on the capacitor plates during discharge can {p 123] 
be expressed by the relationship: U.= yee oe (t)elt (1) 

Sine to obtain a proportional relationship between the range 
voltage and the distance to the target it is essential to have # 
linear reduction in voltage, it is evident that the second term of 
the right side of the equality must be a linear function of time, 
that is: Fa ie L(ejdt = Ke 

Solving this equation, we obtain: a) = constant that it is the 
necessary linear drop in voltage will be obtained during the dischary:e 
of the capacitor at constant current. During the discharge of C3-49 
the voltage on the plate of the tube is reduced approximately tc 
20-25 volts, so that with an additional reduction in plate voltage 
the tube ceases to control the discharge current. The length of the 
seeveeehes pulse on the plate of L3-14 for the values of the circuit 
element used by us is 25 mieroseconds in mode "A" and 60 microseconde 


in mode "B". 
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Upon termination of the positive pulse on the protective grid, 
the tube again closes through the plate circuit. Capacitor C3-49 
discharges through R3-74 and the grid-cathode section of L3-14, and the 
entire circuit returns to the initial state. The initial voltage on she 
plate of L3-14 is regulated with the "zero-range" potentiometer R6-15 
located in the unit K-6. The steepness of the saw-toothed pulse is ip 124] 
regular by changing the time constant of the discharge circuit C3-49. 
Added to resistors R3-72 and R3-73 are the following: 

a) In mode "A", a variable resistor R6-11 ["scale of range A"] 

b) In mode "B", resistors R6-18 and R6-19, and potentiometer 
R6-17 [scale of range "B"], which are housed for convenience of 
regulation in unit K-6 also. 

te wa voltage on the plate can be expressed by the relationsnip: 
U7 es as . ze EQ where E, is the voltage on the plate of L3-14 before 
arrival of the triggering pulse; E, is the voltage supplied across the 
resistor in the control grid circuit [ 200 volts], t is time, R is the 
discharge resistance, C is C3-49, it is clear that regulation of the 
"Zero range", effected by a change in Eg does not have any effect on 
the steepness of the pulses, which is regulated by the change in the 
value of the discharge resistor ["range scale"], and in turn does not 
affect the "zero range”. 

Thus is provided independent regulation of "zero" and "geale” ip 125] 
which is extremely convenient for operation [figure 51]. 

Resistor R3-76 in the screen grid circuit is designed to 
limit the current on the second screen grid during periods of 
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al inactivity, that is when the tube is blanked through the plate 

circuit. 

As evident from formila (2), the elements which determine 
the steepness of the "sey" in mode "A" are C3-19, R3-72, 
R3-73, and R6-11, and in mode "B", R3-72, R3-73, R6-17, R6-18, 
R6-19, and R6-11. To maintain a constant steepness with changes 
inthe surrounding temperature these elements are thermally com- 
pensated: R3-73 and R3-72 are made from manganin which has a 
low positive temperature coefficient, while for C3-l9 type 
KIK-3"M" with a small negative temperature coefficient was selec:ed. 
4s a result, the quantity RC, which has an affect on the steep- 
ness, remains constant with a change in temperature, which is 
essential for providing, a minimal number of errors in mode "A". 

Diode L3-25b is designed to reduce the length of the flyback 
of the ‘saw’ and to reduce the influence of leakage which is 
harmful under conditions of interaction of humidity on the 
accuracy of computing the range. Because of the diode, the 
steepness of the flyback "saw" voltage, as can be seen in 
figure 52, increases due to the increase in voltage Ea, which 
leads to a reduction in flyback time. 

The effect of leakage can be represented by an equivalent 1SPN 426] 
resistor Ry connected between the plate of L3~-1) and the frame. 
In the absence of a diode, the leakage results in a change in 
voltage on the plate by a quantity: nore Ra is the plate 
au of L3-14, Ry is the equivalent leakage resistance. 

This may cause an inadmissable error with respect to range. 
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The presence of a diode results in a reduction of this error to a 
value which can be disregarded even for substantial leakage. 

v) The Slow Sawtooth Generator [Figure 53] 

The "siew saw" generator [search circuit] is designed to 
generate in the target search mode a slowly decaying saw-toothed voltage 
with a frequency of about 1 cps. The function of the "slow saw” 
generator is performed by the tube L3-23 [6N2P] and 13-22b [6n3P], 
which in the search mode act as a transitron generator of relaxation 
oscillations [in the tracking mode these tubes function as the second 
integrator]. 

For convenience of examination, we assume initially that the 
blanked state of the tube L3-23 in the plate circuit. Moreover, 
there is a voltage on the plate which is debermined by the divider 
R3-124, R3-125. Since the control grid is connected to ground 
through R3-104, the tube opens and the plate voltage begins to !p 128) 
decrease. This reduction in voltage is transmitted to the control 
grid through the cathode follower L3-22b and capacitors C3-59, 

C3-71 and, by increasing the negative bias, it prevents a rapid drop 
in voltage on the plate. The process occurring in the circuit is 
quite similar to the operation of the "fast saw" circuit, only 

in this case the discharge of the capacitors [c3-59, C3-71] occurs 
through the equivalent resistance of the output of the cathode 
follower circuit. 

Thus, in the process of discharge of C3-59, C3-71 a small 
negative voltage is maintained on the control grid. When the plate 


voltage reaches a value of 20-25 volts, as in the "fast 
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—_ saw" circuit, the tube L3-23 ceases to control the discharce ani 
the drop in voltage on the plate is retarded. Consequently, the 
negative bias on the control grid of L3-23 is reduced. The ree 

duction in voltage on the control grid causes an increase in the: 
current on the screen grid. The screen grid current, flowing 
through resistor R3~-107, increases the voltage drop across this 
resistor and the screen grid potential arops. 

The reduction in potential is transmitted through C3-72 to 
the suppressor “grid of L3-23 and reduces the plate current of th-= 
tube. The reduction in plate current causes a rise in potential 
on the plate, and because of the ‘coup Ling through L3-22p 
C3-59, C3-71, an increase in potential on the control grid. 


This causes an additional increase in screen grid current and 


~~ 
the complete blanking of the tube through the suppressor grid. 
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The plate voltage rises rapidly and the process begins again. Connec- 
tion of capacitors C3-59 and C3-71 directly between the plate andi 

grid of L3-23 and through the cathode follower made it possible to 
lower the charging time significantly. If in the "quick saw" circuit 
this time is considerably greater than the discharge time, then 

in the given case the situation is reversed. The capacitors are 
charged through the small internal resistance of L3-22b and the plate 
voltage of L3-29 increases, in practice, gradually. 

This is essential to provide quick fly-back of range pulses aftex 
which, in the search process, they achieve a maximum range. The 
quick fly-back guarantees locking on the target only with the 

ww movement of the range pulses in the direction of lengthening, that 
is locking on a close target. The presence of the divider in the 
plate circuit of 13-23 is specified by the necessity for limiting the 
start of the search for the preliminary locking on a main leakage pulse. 
The filter C3-74, R3-106 facilitates stabler operation of the "slow 
saw" generator. 

The relaxation frequency is determined by the values of C3-59, C3-71, 
and R3-104 and is equal to one cycle. This corresponds to a search rate 
of approximately 10,000 kilometers per hour. 

&) Comparator Circuit [Figure 54] 

The comparator circuit dtermines the instant of equality of the val- 
ues of the "fast saw" and "slow saw” voltages, and as a result, provides 


for the delay-triggering of the range pulse generator. The delay time is 
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—_ determined with respect to the maim pulse. The circuit consists of > 131 
a comparator diode, a compensation diod*, and a two-storage jiise 
generator. Used as the comparator diode is the left half of L3-15 
(Fig. 55]. 

The "fast saw" voltag+ is applied to the cathode while th: “slow 
saw" voltage [in the search model] or the range voltage [in <n- 
tracking mode] is applied to the plate through the R3-77> 

Since the voltage om the cathode is greater than on the plate, 
the tube closes and thers is no signal at the output. However, as 
soon as the "fast saw” voltage becomes less than the "slow saw" volvags 
taken from the output of the duplex integrator, the diode opens ané a 
negative puls* appears on “ts plate. 

The start of this pulse, which is determined by the ecualicy of 
the "saws", shifts in the direction of a larger delay with respect So 
the main puls* as the "fast saw" voltage reduces. From the plates c* 
che comparator diode, the puls« is fed through C3-51 to the wrid of 
L3-22a, the pulse amplifisx. A positive pulse with an amplitud= of 
more than 100 volis is asnerated or the plate of L3-22a [5N3P]. 
Because of amplification, the steepness of the leading edste 3f “hie 
oulse is constderably greater chan on the grid, and the pils¢ is 
almost square. From the plate of L3-22a, the pulse goes to th- 
control grid of the second pulse amplifier L3-l6a [6N3P], threugh 
the differentiating cireutt C3-53 end R3-79, which is ess:ntial for 
reducing the length. The second stage increases the steepness of tue 


leading edge of of the pulse even more. This pulse, taken from the > 3 
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plate of L3-16a, goes “0 the control grid of L3-16b throng) 4 se 
pulse transformer Tr3-'’ and trigzers the range pulse blockine oa cergres 
Because of the larze steepness of the leading edge of the 14 gee f nigr 

pulse, the instant of trigcering of the blocking generator does ast 

depend heavily on the fluctuation of thes feeding voltajzes. chank-ss 

in tube characteristics, ete. This facilitates a reduction in errnpre 

in determining the rangs. 

Since the instant of opening of the comparator diode det=rmipna 
the range-pulse delay, for precise Operation of the entire met, Fs 
is essential that it, as far as possible, also will not depend on 
the supply voltages, tube eharacttristics, etc. The volt-amoierpn 
characteristic of the afode is shown in Fig 55. It is know, that 
under the influence of changes in the filament voltage and “he @1ode 
ww aging, this characteristic “arifte", that 1s, it is shifcea [for 
example, to the position shown in the figure by the dotted linel, 
Moreover, as can be seen from the construction, an error oesurs ir 
the instant of comparison A os This error enters direetly into 
the over-all error of measuring the range. To reduce the InPlnenga 
of external factors on the instant of comparison a compersatins 
diode 1s employed. For emali negative voltages between the olate 
and the cathode a current. appears between them. Therefors, «van 
with the comparator dinde closed, there will be a voltage drop aeross 
resistor R3-77 determined by the current of the compensating diode. 


This voltage is directed toward the 
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“slow saw" and the instant of opening of the comparator diod- - ¥38- 
occurs somewhat later (tt, rather than t,]. Now for the shivt 
in the volt-ampere characteristic, the instant of comparison shift- 
to a point t'2, and the difference in time between t, and t°2, designa.-: 
A tis is considerably less than A eg Thus, the use or the 
compensating diode stabilizes the instant of comparison. In view of 
the large gain of the comparator circuit, even small influence of hs 
triggering pulse can result in the triggering of the blocking gene-ato: 
at the point of zero range. Im order to avoid this, a small negative 
pulse is applied through C3-77 to the grid of L3-l6a blanking the cube 
at the initial instant of time. This pulse is obtained via she 
differentiating circuit C€3-77, R3-79 of the triggering pulse. 
ad) Range pulse generator [Fig 56] 

- The range pulse generator is an ordinary blocking generator 

composed of the right half of L3-15 [6N3P]. 
In the initial state, the tube is blanked by a voltage of -14 -roltr. 

taken from the common divider of the untt and fed through R3-81 to 
the control grid. At the instant of arrival of the triggering pulies, 
the tube opens and a current appears in the plate circuit. The 
appearance of the current results im a lowering of voltages on the 
plate of the tube. The windings of the pulse transformer arr 
connected so that a reduction in poteutial on the plate results 
in an increase in potential on the control grid. The existencs 


of such a circuit with positive feedback means that the plate 
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current increases still more, the grid voltage rises adecitionallv. 

etc., to an instant whem the tube current reaches saturatioa. This 
process of "reversing" the tube occurs very rapidly and is walled 

the "blocking" process. The time for complete opening of the tub- 

is usually about 0.1 microsecond. As a result of the termination of 
the direct blocking process the plate voltage @rops to almost zer> due 
to the voltage drop across the primary winding of the pulse trans“orme::. 
while the grid voltage rises strongly and becomes positive because pf 
the induced emf. 

From the instant of time when the voltage on the grid becomes 
positive, a screen grid current starts to flow and capacitor (3-5: 
begins to charge. 

At the end of the dtreet blocking process, the operating point 
on the tube characteristics shifts to the region of shallow steepr-ss, 
that is, the change in voltage on the screen grid has almost no effect 
on the value of the plat- current. As C3-55 charges the voltage on 
the control grid of the tube begins to diminish. However, since tre 
operating point is located on the right portion of the characterisiic. 
the plate current remains mearly unchanged for a certain time. Th- 
flat portion of the pulse is formed during this time. With cime, 
the voltage on the control grid shifts the operating point of the 
characteristic to the region of great steepness. 

The plate current is dimtaished more effectively, which result: in 


a rise in the plate potential and, consequently, a reduction of vo. tage 
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on the control grid. The latter reduces the plate current still mere 
and the hagsvua Mioeeine process takes place. 

The- tubs is blagwked and the voltage Sata eiee Seay €3-55 attains a. 
large negative value. After completion of the blocking process, this 
capacitor discharges through R3-81 and the circuit returns to the initia!. 
state. 

The positive range pulse with an amplitude on the order cf 10 
volts and a duration of C.7 microsecond is taken from the winding of 
the pulse transformer, fed to the screen grid of the tube (L?-138 end 
through a 0.4 microsecond delay line to the screen grid of L3-17. 

Capacitor C3-52 and resistor R3-78, connected to the plate circuit 
of the blocking generator, make up the decoupling filter which redi.ces th: 
influence of the generator Om the remaining elements of the circuit of 
the unit through the power supply circuit. 

19) Time discriminator (Fig 57) 

The time discriminator circuit consists of a colncidence circuit, 
with 6Zh5P tubes [L3-17, L3-18], and a difference detector circuit 
{recharging diode] with integrating capacitancé consisting of 6D A 


tubes [I3-27, L3-28]. 
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The function of the time discriminator is to fix the instant of PLO 
coincidence of the target pulse with the range pulses and to generate 
a signal indicating the presence of a shift with respect to +ime 
between the pulses mentioned. The circuit generates this sienal as + 
direct current, which is called the error’ current, of varyiznes mapaity a 
and sign depending upom the magnitude and direction of she wismatch 
between the range and target pulses. 

In the absence of Garget pulses, the coinciderce tubes L3-17 and 
L3-18 are blanked throuch the plate circuit by the presence om th- 
control grids of a voltage of about -3 volts and on the screen aridg 
of a voltage of -23 volts. 

Besides, the range pulses artve on the screen grids of She twos, 

The pulse goes directly to the sereen grid of L3-18, and throngh > 

O.4 microsecond delay line to the screen erid of L3-17. Thee= pu ses 
shift periodically with time seeking out the target. If a pulse 
reflected from the target occurs on the comtrol grids, then the o:lses 
on the screen grids which are moving with respect to the range, aninets. 
with them at a certain instaet with respect to time. The tybes orn 

and negative pulses appsar on the plates. These pulses co to the: 
difference detector cirmit [L3-27, L3-28], and depending upo1 the 
relationship of their amplitudes, they are converted to AN @rror 

current for the given direction. Taken from the resistor R3-°5 awi 23-°: 
connected between the plates of L3-17 and 13-18, is a negative pulse 
which is fed through capacitor C3-57 to the control grid of the auto- 


matic lock-on amplifier, 
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Resistors R3-82 and capacitor C3-56 form a decoupling network  ~ 1);2 
which protects the plates of the coincidence tubes from the influence 
of power network, The coincidence tubes serve as the input of the 
automatic lock-on amplifier, 

Let us assume that after lock-on the mutual position of the 
target pulse and the range pulses is as shown on fig, 58, 

In this manner both coincidence tubes open, but because there 
is greater coincidence of the target with the second range pulse, the 
pulse in the plate of L3-17 has a greater amplitude and duration than 
the pulse in the anode of 13-18, 

Furthermore, let us agree to regard the input of the double 
inte grating circuit as a certain equivalent capacitance C;, In 
considering the operation of this element of the range unit, let us 
satisfy ourselves as to the accuracy of such an assumption, 

Capacitors 03-58 and 03-62, which are charged until coinci- 
dence to a value approximately that of the voltage of the power 
source, begin to discharge, Capacitor (3-58 discharges through the 
circuit: the internal resistance of L3-17, Cy, the internal resis- 


tance of L3-28, Up to coincidence, diode 13-28 
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was closed by a voltage of + Tv applied to the tube cathode. 
At coincidence, the diode opens, since a negative pulse with 
an amplitude up to 50v is applied to the eathode and thus the 
C3=58 discharge circuit is created. 

The discharge current of C3-58 flows through a capacitance $143] 
Ci, and it is seen by the direction of the current that the 
voltage at Ci must be decreased thereby, capacitance Ci discharges 
(the direction of the current is shown by the unbroken arrow). 

Capacitor C3-62 discharges along the circuit: interral 
resistance of L3-18, resistance of negative voltage divider, 
internal resistance of L3~27. Diode L3-27 also was closed 

ww by:a voltage of «lv and is opened by the coincidence pulse. 

The discharge current of C3~62 does not flow through Si 
and evidently does not affect the potential at this point. 

During the time between pulses, capacitors C3-56 and C3-62 
are charged. The charge of capacitor C3-58 passes through 
R3-82, R3-83, R3-118, R3-129. The charging current of C3~62 
passes through the imtegrator capacitance in the direction 
shown on the figure By the dotted line. 

It is evident that the potential at Cy will increase under 
the action of this current. 

In the case we have considered, the discharge of capacitor 


C3~58 has a greater effect than the charge of 03-62, since there 
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is greater coincidence with the second range pulse. Thus, 
voltage at the capacitor will be decreased from pulse to pulse, 
the total current will be directed from Ci to a difference 
detector. 
This current is also called the error current. This 
direction of current is called negative. The appearance of 
_ the current acts through the control unit (double integrator) 
on the range pulses, and they are displaced in the direction of 
greater range. Thus, a mutual position of the range pulses 
and the target pulse as shown in Fig. 58 and Fig. 59 is possible. 
In the given case, greater coincidence occurs in L3-18, 

—_ and the effect of capacitor C3-62 is increased. Discharging 
intensely at the moment of coincidence, capacitor C3-62 is 
charged by a current the value of which now exceeds the discharge 
current of C3-58, and the direction of the recharge current of 
of the integrator capacitance is changed. 

Now the current is directed from the difference detector 
to the integrator capacitance, and the potential of the integrator 
capacitance increases. Let us call such a direction of the 
error current positive. 
If the axes of symmetry of the range pulses coincide with 
the midline of the target (Fig. 60), the effect of C3-58 ane 
C3-62 is equalized, and the potential atC i remains unchanged. 


, It is evident that in this case the error current will be zero. 
- Dh - 
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Thus, the sign of the error current is changed depending on the 
direction of displacement of the range pulses relative to the 
target pulse. The dependence of the value of the error current 
on displacement is represented in Fig. 61. 

The error current lies on the ordinate, and the displacement 
of the range pulses relative to the target in time, on the abcisas. 
The left branch of the characteristic corresponds to a lead of 
range pulses over the target pulse. The right branch corresponds 


to the delay of the range pulses. 


Zh) Control Unit 


— 
jo! 
ar 


(Dowble Integrator) 

The purpose of the control unit (Fig. 62) is transformation 
of the error current, which flows from the output of the time 
discriminator, to a voltage which controls the range pulse delay. 
The circuit consists of two integrators--tubes L3=26 (6Zh1B), 
3-23 (6Zh2P), and L3-22% (6N3P). 

In mode "A," the range voltage is applied through cathode 
follower 13-212 (6N3P) to a sight, and in mode "B," to K-8, 

The circuit diagram of the anode-grid integrator is shown in 
Fig. 63. 

Analysis of such a circuit shows that the dependence of 
the voltage at the anode on the current in the grid circuit 
can be approximated in the form: 

£ 
Vat Uoo “zz” [ velt /3/ 


Ce 
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If we consider the circuit of the fast sawtooth generator which is 
@ special type of integrator (Fig. 61), it is evident that the voltage 
Ug is supplied to the input of differentiating circuit RC » at the a:tput 
of which there is a voltage which drops at resistance R, l.e., Ug - Bas 


For such a circuit the following relationship holds true: 


qyyikh 
Uyykh(out) = 7 a¢ RC 


In our case: r 25a) 


We 
dt 
we ., Va-fa ,l iy 


me 
——e 


ln ees 
dt RC Cc 


RC 





Ua(range) ~ Ba = 


Integrating both parts of this equation, we obtain: 
J t 
Uy alg - = f 1 dat 
 _» ° 
i.e., the equation of the integrator. 


In the case Ey = Const, and disregarding Ug, we have: 


i pt Eat 
U 205 - | idt =» _Sdt_ 
a Cc : Rc 


where t =O; Ug = Co, consequently, 
Egt 
RC 
equation for the fast sawtaoth generator. 





Ug =a Uso = i. Gey we obtain the 
The integrator equation makes 1t possible to determine all the 
properties of the circuit. 
For further description, let us recall that: 
t ae t ed i $ 1} ] 
1. i O-dt = Const; 2. i atdt = at; 3. [ret.at = a PD 
oO . 2 


oO 


» ol)\2- 
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It is seen from snese general mathematical expre si: 2 ths 
when the current in the -rid circuit equals O, the volt..ce 
the tube anode does not “hanze since both sides of éhe mais sr 
are constants. In the presence cf a constant current j tr 
grid circuit, the voltae at the anode drops linearly wheres te 
positive, or increeses inearly where i is negative, 

It is easy to derive a physical explanation of the OPO oo Sac 
in the integrator circu.t, considering the charge and disci. -e 
of the equivalent intertetor capacitance Si (Fig. 65). 

A positive current (in our case “error current") charge: 
the integrator capacitarce, the voltave across it incresses. 
and the tube opens. 

The appearance of an anode current leads to a decre:.se 
anode voltage. A negetive current discharges Ci, the poter: 
at the control grid deersases, the tube is blocked, end - he 
anode voltage increases. 

The validity of repiacing the resistance of the inte rr: 
input by the equivalent cspacitanca C4 jie evident from the f mr 


If we consider the circuit in Fig. 65, we see that: 
A 


: 2° 4 i : 
asofe} : oa ; . 
U, 3 (F5 7 ie il fay Le Lt 
4 JS if 
where : k is the amplification factor of the tube, 
Consequently, the circuit depicted is equivalent to ithe 


integrator circuit wherein- 





| one as Efe oF Ke 
wi ye 
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Pollowing the above-stated considerations, which pert:: <.3 
integrators in generz1, .et us examine the operation of t-e 
actual circuit of the double integrator used in the uni«. 

The circuit consists of two anode=crid integrators cocci °ts 
by stabilizing circuit ii. 

Let us assume that .n locking on the target, the m-tua. 
position of the range puises and the target pulse is that 
depicted in Fig. 5&, i. «., the range pulses lead the trrae 
pulse. 

As was explained diring examination of the operation n° 
the time discriminator, « nevative error current flows jo |: 
integrator input in thi: case. The presence of a negative «© re: 
leads to blocking of tube L3-26 of the first integrator. an. ~he 
potential in its anode .ncreases. The voltage at divider 
R3-111, R3-115 increase: correspondingly. 

The voltage from tiie common point of these resistar.ces 
through R3-116 and 1%)-!). is applied to control grid L’ 26 
which is the second inteerstor. In this case the cu: en. 
will be positive. 

The appearance of «© positive current in the grid circ: 
of the second integrato: leaas to opening ef L3-23 and to. z 
decrease in the voltare et its anode. The error current wr 

flews to the input of ie first integrator during a brisf ©) fox 


can be considered constint. 
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Then the voltage at the ane of the first integrator 
will increase linearly (since S adt = at ). The current 
in the grid circuit ef the secc integrater, prepertienal te 
the voltage at the L3-26 anode, alse will increase linearly. 


The voltage at the L3-23 anede will decrease at an ever increasing 


rate, since at at 
Jp atat= = 

This voltage through cathode fellower L3-22b flews to the 

comparitor circuit (13-15) and makes the range pulses shift 

toward the receding side, also at an ever increasing rate. 
The range pulses, shifting in this direction, go through the 
matching positions and begin to lag the target pulse in time. 
As we see in Fig. 61, the error current changes its sign and 
becomes positive. 

This leads to opening of the first integrator and a voltage 
decrease at divider R3-11, R3-115; and inasmuch as R3-115 is 
connected to the point of the divider with a potential of -30 v, 
the voltage at R3-116 acquires a negative value. 

The current in the second integrator circuit changes its 72 Leg] 
sign, and the voltage at its anode begins to increase. 

The increase of this voltage leads to shifting of the 
range pulses in the direction of decreased range, i. e., 
again toward matching with the target pulse. 

After several such oscillations, the system reaches a 
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state of equilibrium in which the range pulses match the target 
pulse. In the event that the target moves at a constant 
rate, the voltage at the anode of the second integrator changes 
linearly. This will transpire, evidently, when there is a 
constant current in the grid circuit of this integrator (/adf-at), 
and signifies a constant voltage in the anode of the first integrator 
(Fig. 63). 

Changes in the rate of movement of the target pulse must 
correspond to changes of current in the grid circuit of L3-23, 
and consequently, the voltage in the anode of the first 
integrator. Thus, the voltage in the anode of the first 
integrator is proportional to the approach speed. This conclusion 
can be drawn mathematically. 


It is seen from the circuit that the voltage at the & mode 


Ua- a6 + LR 


where: Ugo is the voltage at the anode of L3-26 when i = C. 


of L3-26 will be: 


= the current in the circuit connecting the outpyt 


of integrator I and the input of integrator IT. 
R3-1L, 4 R3-115 


wo 


R = (R3-116 + R3-10)) 


Simce expression (3) is correct for integrator Il, and 


the voltage in its anode is porportional to the range to the 


| d Va 
7 AULA-b - Le l=C GE 


dt Cc 3 ys 50X1-HUM 


SECRET 
Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 


target, then, having differentiated, we obtain: 


Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 





SECRET 








50X1-HUM 

















where: C= (C3-=59 4 C37; 


consequently: U,= aot oe Rc 
dy 


where: eo is the rate of change in the range voltage, 





proportional to the approach speed. 
With the parameters used in the circuit, the voltage at 
the anode of L3-26 upon locking—on a stationary target is 
approximately + 80v. Finiteness of the amplification factor 
of L3-23 leads to the fact that this voltage. depends in addition 
on the range from the target, although to a negligible extent. 
In tracking an apporaching target, this voltage has » smaller 
wy’ Values. At an approach speed of 300 m/see, it reaches + 60 y. 
But if the voltage at the anode of integrator I is constant i 61) 


at a constant approach speed, this means that the error current 


in this case is zero, since AL (Const) 0 


The foregoing case demonstrates that a control unit with 





two integrators provides for tracking a uniformly moving target 
without dynamic error, since the error current is zero only 
when there is precise coincidence of the range pulses and the 
target pulse. Besides,this, as a result of the zero error current, 
the circuit is capable of tracking “Nadine Signals. 

When the target fades owt, the coineidence tubes close and 
no current flaws from the output of the time diseriminator 
to the inpat of the control unit. Thus the same voltage remains 


- 150 = 50X1-HUM 
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at the anode of the first integrator as during tracking of the 
target. Simee this voltage corresponds to the speed of the target 
until it fades owt, tracking will continue at the same speed in 
the absence of a target. Upon the appearance of the target, it is 
again: visible in the zone of range pulses and normal operation is 
continued. Owing to the presence of leak resistance between the 
grid and the cathode of L3-26, pon disappearance of the 
error current the voltage at the anode usually alters slowly in 
one direction or another, which leads to errors in tracking a 


fading target. To diminish these changes, the capacitance of 2 18D] 


the first integbator is switched, and within 1 -- 5 seconds 


after locking, becomes equal to ~ 40,000 pf. At the moment of 
locking, it is necessary to have a small time constant of the 
first integrator. Therefore, up to and at the moment of locking, 
the anode grid capacitor with a capacitance of 0.01 wf is 
turned on. 

A time lag (~1 sec) is necessary for readying capacitors 
C3-75, C3-86. During this time, they succeed in discharging 
to the voltage which corresponds to the speed of the locked target. 

The high value of the eapacitance of the first integrator 
facilitates a decrease in the effect of target fluctuations 
on range voltage as a result of smoothing introduced by it. 

To decrease the effeet of leakage on the operation of the 
cireuit, tubes 13-26, L3-27, and L3-28 are placed ina hermetically 
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Sealed area, and are a separate, complete unit ("integrator I"), 

For more favorable conditions of locking, the voltage 
at the anode of the first integrator in the scanning mode is 
correspondingly set to the most probable target speed ("expected 
voltage"). This setting is made by applying a corresponding 
voltage to the anode of the first integrator from divider R3-36 
and R3~-133. 

To improve the pperation of the double integrator in the 
mode of a fading target, it is necessary to select at the screen 
grid of the tube of the first integrator sueh a voltage that 
when no target is araseut the voltage at the anode of the first 

New’ integrator will be practically unehanged. The setting of the P LAS] 
required voltage at the screen grid is done with the aid of 
potentiometer R3-113. 

Capacitor C3=76 is intended to speed up precise matching of 
the range pulses with the angeks Together with R3-116 and R3-lok, 
this capacitor forms a so-called "stabilizing network", which 
prevents the occurrence of a self-oscillating system, i. e4., 
"oscillation" of range pulses around the target. 

- ' (The range voltage is applied from the output of L3~-22b to 
the grid of cathode follower L3=2la. 

Upon locking, a voltage proportional to the range to the 
target is applied from L3-21la to the external circuits. 


z) Awtomatic Locking Device (Fig. 67) 


-~ 152 - 
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The circuit of the automatic locking device is intended for 
switching the unit from the scanning mode to the locking mode. 

The circuit consists of amplifier L3-19b, peak detector L3-19a, 
and electronic relay L3-20b. 

Electromagnetic relay R3-1, type RMUG, in the anode of L3-2C, 
turns on relay R3-2, in the anode of L3-8a, and relay R3-3, in 
the anode of 13-8b. The operating time of relay R3=2 and relay 
R3-3 depends on the bias at the grids of L3-8a and L3-8b, which 
is controlled by "delay" potentiometer R3-60. 

The circuit of the contact groups of the automatic locking 
relay is shown in Fig. 68. 

In the scanning mode, the entire relay is in a released state. 

wy Tube 13-20 is blocked by a negative voltage » applied to the i 165) 
control grid by the "Sensitivity" potentiometer from unit 6 
through resistance R3-92, .R3-9h. 

Upon the appearance of a target pulse and coincident range 
pulses, a negative pulse with an | amplitude of around 25v 
passes to the grid of L3-19. A positive expamded pulse, the 
amplitude of which reaches 80>100v , appears at the anode of 
the tube. This pulse is applied to the grid of L3-19a and 
charges capacitance C3-6. This capacitor discharges through 
R3-92, as well as through R3-9 and R3-95, which are in 
parallel with it. All these resistances have a large valuel as 
a result of which the time constant of the discharge is 


incommensurably greater than the time constant of the charge. 
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This leads to the fact that in the interval between pulses, 
C3=6h, does not succeed in discharging, and the voltage in it 
increases. 

The increase in voltage at the cathode of L3=-19a decrazses 
the bias at the control grid of L3-20b, the tube opens, and the 
relay triggers. Triggering of R3-1 causes triggering of the 
rest of the relays in the unit: R3-2 and R3-3. In the event 
that the target pulse fades out, relay R3-1 releases, and 
capacitors C3-67 (2 af) and C3-83 (1 wf), located in the 
grid circuit of L3-8a, begin to charge slowly, from a -150v 
source, through resistances R3-1)0 and R3-60. 

Therefore, when the target pulse fades out, the voltage be Io) 
at the grid of L3-8a decays slowly, and the relay releases only 
after approximately 1+1.5 sec. 

Herein is achieved the possibility of tracking a fading 
target "by memory" (memory based on speed). Upon triggering of 
relay R3-3 121.5 secs after locking, capacitors C3-75 and 
C3-86 with a total capacitance of Olmf, the other end of which 
is connected to the anode of integrator I, are connected to the 
grid of the first integrator through C3~-85. 

As a result of this, after connecting the "protection" selay. 
the anode-grid capacitance of integrator I increases to 0.0l uf. 
This makes the ranging system more persistent, i. e., insensitive to 
abrupt changes of speed. Besides this, the presence of a large 
integrator capacitance imparts to range-only radar the property 
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more precise tracking of a fading signal "by memory," which 
reduces considerably the effect of target fluctuation on the 
speed voltage. 

A smoothing signal (-27 v) is applied to umit RB6-5 
Simultaneously with triggering of relay R3-3, Thus » Yrelay 
R5<2 operates » and the persistence of the Speed-cnalysis circuit 
increases, which reduces the effect of target fluctuation on 


= the speed voltage. 
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hey k) Constructive Design of the Unit vor ess 
(Figs. 69, 70, 71) 


The block is constructed on an open rectangular chassis. There 44 
a depression for the IF amplifier line in the right section of the erases s. 
Parts having the greatest heat resistance, like the tube and the transfonie. ane 
arranged at the top and the resistors and capacitors are in the lower 
section along the perforated prnels. 

The space between the verforated panels is occupied by the milse t-eng~ 
former, precision resistors, and the relay. The last are easily remved tareagh 
the access to the tube panels. Arranged under the IF amplifier are the 
large components: o1l-impregnated paper capacitors, the delay line, end 
control potentiometers. Thage parts are in the form of demountable urits 
and are easily removed from the block during repairs. The housing has a 

~ large number of openings to facilitate the cooling. 

The funetional ciraiit of the first integrator is in the form of 3 
separate air-tight highly moisture-resistant removable unit. 

Dimensions of the units 300 x 152 x 169 mm. 


Weight of the unit: 4.7 kg 


VI, RECEIVER 


23. Purpose and VYake-up 


The receiver of the ranpe-only radar "Kvant" is uged to amplify 
the détection pulses refleeted from targets and to convert them ‘nto 
video pulses. 

The receiver is made up of the following components: 

1. Resonant ATR tube. 

- 161 - 


| eee | 50X1-HUM 
Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 





Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 
pete 50X1-HUM 














2. Receiver mixer. 

. Klystron local oscillator. 
4. IF preamplifier. 

5. Main IF amplifier. 

6. Second detector. 

7. Video amplifier. 

8. Cathode follower. 


9. Pulse and noise automatic gain control systems. 


24. Description of the operation of the receiver with the aid of 
a functional flow chart 
The functional chart of the receiver is given in Fig. 73. 
The pulses that are reflected from the target enter from the unterna 
into the"reception-transmission' chamber of the antenna switch, where a 
~»” resonant discharge tube L2-12 (RR-21) is used in the capacity of a discharr: 
tube. 
From the "reception-transmission" chamber the energv of the reflectas 
signal enters the frequency-mizer chamber, where a crystal rectifier of the iP 173) 
type D-403-V (D2-2) is used as a mixer. 
In the receiver mixer chamber the frequency of the reflected signa” 
is mixed with oscillations of the heterodyne (klystron of the K-27 (l2-9) t-rpe). 
After the mixing, a number of frequencies are formed, from which 
an intermediate frequency is separated on the load of the receiver mixer. 
The load of the receiver mixer is the input circuit of the IF ovre.. 
amplifier (PUPCh). 
Having passed the stages of the IF preamplfier, which uses tubes cf 
the 6Zh1B (L2-1, L2-2)type, the signal reflected from the target enters the 


. and. 
~~ main IF amplifier, which uses L3-1, L3-2, 13-5 (6Zh1P), 13-3; (L34 (62h2P) i-sbes. 
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Amplified by the IF amplifier and detected by the second detector Li-6 (&KhoP), 
the target signal, passing through the video amplifier LV-7 (6N3P) end the cath. 
ode follower, is fed to the time discriminatér and the noise automatic 

gain contro! cirenit. 

The pulse autometic fain control and noise automatic rain erntre] 
have a common outlet to asatages of the main IF amplfier through the 
cathode follower L3-19%a (6N3P). 

During the transmission operation part of the energy of the main culae 
enters through the attenuator into the IF amplifier mixer, where the 
oscillations of the klystron heterodyne also enter. The difference fraques ie 
pulse, according to which the AFC generates the control voltace fed 2 Thy 
to the klystron heterodyne, is separated on the input cireuit of the ante. 
matic frequency control. 

The control voltage is maintained such that the frequency of the 
klystron heterodyne would be higher by an IF than the frequenev of the 


magnetron. 


25. Surpose of the intermediate frequency amplifier 


The purpose of the IF amplifier is to amplify the IF signals whien 
were obtained as a result of the conversion of the picked-up refleetei starslg 
in the crystal mixer to a level: which will ensure the oneration of the II 
detector along the linear portion of its response. The purpose of the II 
detector is to convert the IF pulses inte video pulses which are furtier 
amplified by the video amplifier. 

The IF amplifier is assembled with coupled circuits and consists of 


an IF preamplifier and a main IF amplifier. 
Basic tactical-technical data of the IF amplifier in a compl ey ‘pb 


with the II detector and the video amplifier 
- 163 - 
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a. The transmission band of the IF is not less than 4.5 me. 
= b. The IF amplifier's amplification factor, defined as the ratio «ff 
the signal voltage at the II detector input to the signal at the IF anplifier 
input and for a noise level at the II detector of 6.7, is not less than 160,990. 
v. Sensitivity is not less than 15¥v. 
g. The-amplification irregularity of the transmission band is not 
greater than 15%. 


d. The transmission factor of the video amplifier is 15. 


26. Description of the operation of the IF preamplifier by a 
schematic diagram 
Intermediate frequency preamplifier 
(Fig. 73) 
The IF preamplifier represents a two-stage amplifier emnloyins tu we: 
wr = of the 6Zh1B (L2-1 and L2.-2) type. At the point of entry to the IF preamp’.’. 
fier a two-circuit filter is connected by an L-type connection. 

The L-type diagram of the IF preamplifier input circuit is chosen 
to obtain the smallest noise factor and the greatest amplification wider 4 
wide transmission bend. 

At the same time the L-type arrangement of the input circuit emsus:: & 
stable operation of the first tube of the IF amplifier during the charge 
in klystron power. 

The input circuit consists of the Tr2e1 autotransformer and tre l2-3 [Pp 176] 
inductance. In addition, the Tr2-1 algo represents inductance because its 
windings have the same number of turns for a coupling coefficient equal. to 
one. Yonstructional realization of this inductance in the form of a trans s1mer 
is brought about by the necessity of separating the current circuits of the 

~ erystal mixer and the leakage current of the first IF preamplifier tube. 
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The adopted L-type arrangement of the input circuit is equi vale. 
— to a coupled eirevit which has on the mixer side inductance Inq and «apa. 
citance Cy » and on the s‘de of the input of the first tube, inductance °.. 
and capacitance C,. 

The vrimary capacitance Cy is the sum of the constructive capacitances << 
the mixer chamber and the coaxial eable which connects the mixer with the 1# 
preamplifier input. The capacitance Co is the sum of the input capacitares 
of the first IF preamplifier tube and the capacitance of the mountire of ‘16 
secondary circuit. Because the increase in capacitance Co causes a sharr 
inerease in the noise factor, constructive measures are taken to reduea tre 
mounting capacitances of the secondary circuit by selecting the most 
compact mounting. 

The anode eircvit of the first tube (L2-1) 48 loaded on the oun’ --« ‘¥ 1T7Tal 
eireuit Tr2-2 with various Q-factors of the primary and secondary ecfroutts. 

The shunting resistors R2-2 and R2-3 are selected to obtain qua” 2. 
factors for a stable amplification o* the stage and a favorable patter c 
frequency response. 

The second amplifier stage consists of an L2-2 tube loaded on a sinele 
Oscillatory circuit which eonsists of series-connected inductances Li'-6 enc 
L2-7 shunted by an R2-6 resistor. The capacitance of the cirevit is the 
inpnt capacitance of the tube and the capxcitahce of the unit combined. 

The output cireuit is connected with the input of the main IF 
amplifier through the capacitance C2-12 and a coaxial cable with a chsract-r- 
istic impedence of 75 ohms and a corresponding load at the input of the main 
IF amplifier. 

An optimum correlation is selected between L2-6 and L2-7 to antain s 
better transmission factor and a better pattern of the frequency response 


of the transition from the IF preamplifier to the IF amnlifier. 
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Due to the fact that the eathode current passes through resistanas: 
R2-1 and R2-5, self-bias is supvlied to the grids of the amplifier tubes. 

The capacitances G2-2 and C2-6 shunt the IF bias resistors and in 
this way exclude the negat*ve feedback of the dignal, increasing the 
amplification of the stages. 

Power is supplied to the sereen grids and plates through a series iP 281] 
decoupling filter. consisting of inductance L2—4, resistance R2-'7, aad aan - 
citances 062-4, Va_9, and G2-11. 

In addition, the resistance R2-7 lowers the initial source woltaz= of 
150 v to a value ensuring the operation tolerance of the tubes. 

The filament of the tubes is also decoupled by a filter conaistény 
of inductances L2-3 and L2-5 and capacitances C2-3, 02-7, and 02-19. 

The IF preamplifier is tuned in an arbitrary sequence by turning ~~# 
cores, the coupled cireuits T2-1 and T2-2, and the inductance L2-6. 

The core screws are led out on the tube side of the IF preamlif er 
aubpanel. 

The amplification of the IF preamplifier on an IF frequeney ‘s not *egs 
than 17 for a transmission band of not less than 6 me. 


The IF preamplifier frequency response is represented in Fig 74. 


27. Majin intermedjete frequen ifie 
(Fig. 75) 
From the IF preamplifier output, the signal enters the I? ampliti: 
input, employing the miniature «tubes 6Zh1P and 6zZh2P (ijel. 1254) 
To match the IF amplifier input with the characteristic impei- 
ance of the coazial cable and ‘the IF preamplifier output, a metchine 


load of 75 ohms, which consists of two parallely connected resistors of 15% 





ohms each (R3-1 and R3-2), is connected to the IF amplifier input. FE 182] 
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The capatitance C3-683 divides the automatic gain control circrit. 

The coupled citcuits Tr3-1 to Tr3-5 are connected to the plate 
eireuits of L3-1 to L3-5 tubes with equal Q-factors. 

The amplifying steps on the coupled circuits with equal Qed‘acter 3 
possess a more stable frequency response during a change of tubes and alter- 
ations of voltage supplies than signle circuit networks and other networks. 

A necessary transmission band of each amplifying steo (9 to 1) me. 
is ensured by 2 selected rejation between the windings of the plate and grid 
cirevits and the shunting resistors, 

All circuits are adjusted by changing the inductance by means of 
movable cores in arbitrary sequence. Along the central grid circuits of ti 
L3-1 and L3-2 tubes a self-regulating amplification of the IF amplifier 13 
carried out. 

Regulating voltage is supplied from the automatic gein centro! gris 
which is located in the range finder device, through the decoupling filte~ 
consisting of filter cells 23-1, 23-2, R3-33 and capacitances C3-1, C36, 
and G3—31. 

Along the circuits of the pertode grids of the L3-2 and L3-4: tubes 
the IF amplifier is blocked during transmission. 

The blocking pulses are supplied from the modulator gric situatec <P 183] 
in the RB6-2M transmitter-receiver unit. 

Amplified to the necess-rv level, the IF signal is supplied to 
the diode detector which employs the left half of the L3—-6 (6Zh2!) tribe. 

The frequency response of the basie IF amplifier, which is taken * tom 
the output of the detector ‘for a gignal of 100 Lv at the IF input, is 
represented in Fig. 76. 


The frequencv response of the complete IF amplifier together with 
~172 = 
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the IF preamplifier is represented in Fig. 77. 
Sd The amplification of the main IF amplifier at IF is at least 19,07, 
the band width .; at least 6 me at an irregularity of not more than 1%. 

The power supply of ‘he screen grids and tube plates of the main 
IF amplifier igs taken from the source +150 v, and to ensure the »ptimal 
operation of the tubes, part of the voltage is consumed across the 
resistance R3-30, 

A multisectional filter, consisting of inductances L3-7 to L3-10 asi 
capacitances C3-5, C3-10, 03-14, C3-18, [3-23, and C3239, is used for 
decoupling the high frequency of the IF amplifier's screen grids. 

The power supply of the tube plates is brought through the 
oscillatory circuit. 

The tube filament circuits are also decoupled from each other by a 
filter consisting of inductances L3-1 to L3-6 and capacitances 03-3, 23.8. 
63-12, 63-16, 63-20, 03-25, and C3-29. 

The initial bias of the order of 2v is automatically suvvlied to “hie 

- grids of the amplifier tubes due to the drop of voltage across the cathod:: °F 23h] 
resistances R3-3, R3-6, R3-10, R3-15, and R3-19 as a resukt of curren: flow 
from the tubes. To eliminate the high frequency negative feedback, ieee, to 
increase the amplification, these resistances ars blocked by canaéitances 


C3=2, C3-4, C37, C349, C3411, C315, C3-19, and C3-21. 


28. Detector 
(Fig. 78) 
The intermediate frequency signals are detected by a diode detector 
occupying the left side of the L3-6 (6Kh2P) tube. 
The main advantage of a dioda detector is the linearity of its deten- 
tion response, beginning with relatively small signal amplitudes, and the 


7-173 = spoppe 
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absence of overload of the detector by strong signals. 


= 

From the Tr3-5 elrevit the signal voltage of the intermadiate fre- 
quency is supplied to the diode cathode. 

A rectified voltage of the video signal is obtained on the tesistar:ce 
of the R3-25 detector load, and is then supplied to the video amplifier g:'4 
through the transient ciraquit C3-27 and R3-26. 

This transient circuit, together with the right half of the 1346 
tube, limits incoming signals with respect to their duration, 4a process # on 
4g ensured by . appropriate selection of the time constant. 

_ 
- 1% - 
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29. Video Amplifier 
SPN 189 (Fig. 79) 


Video pulses from the detector output are further amplified 
by a video amplifier which comprises the left half of tube 
13-7 (6N3P). 

Active resistance R3-23, having a value of 9.1 kk 2, is 
selected on the basis of conditions necessary to obtain a 
sufficient pass band (of the order of 2 Mc) and a gain of 
around 15 times is connected to the anode @rid of the video 
amplifier. 

To decrease the shunting action of the last stages, a 
video pulse from the video amplifier is fed to the cathode 
follower which comprises the second half of tube L3-7, from 
the load of which (R3-28) a signal is applied to the matching 
circuit. The amplitude characteristic of the videw amplifier, 
taken from the output of the eathode follower, is depicted in 
Fig. 80. 

30. Construction of the Receiver 

The i-f amplifier is made in the form of two subpanels: 
i-f preamplifier subpanel (Fig. 81, 82), and i-f amplifier 
subpanel (Fig. 83, 8). 

The i-f preamplifier subpanel is located in the receiver- 


transmitter unit, and the i-f amplifier subpanel, in the range unit. 


_179 - 
SECRET 
| 50X1-HUM 


Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 

















—- ee 


Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 


SPN 190 





SECRET 





50X1-HUM 




















Such a separation is made because the i-f amplifier must 
be placed in direct proximity to the crystal mixer to obtain 
& maximum signal-to-noise ratio. But because the receiver- 
transmitter unit where the crystal mixer is located is small 
and it is not possible to put the i-f amplifier into it, the i-f 
amplifier is structurally divided into two subpanels: the 
pre- and the main i-f amplifier. 

_ The pre- and main i-f amplifiers are connected to each 
other by h-f cable RK-156, which consists of two parts connected 
to each other be a hermetically sealed h-f plug. 

The i-f amplifier and i-f preamplifier: subpanels.are. attached 
to thetthassis of the corresponding units by screws. 

The input of the main i-f amplifier is made in the form 
of an h-f plug which is located at one end of the back edge 
of the subpanel, and leads to the front panel of the range unit. 

The i-f preamplifier subpanel is supplied by a power 
supply cable. 

The i-f amplifier power supply cable is teminated by 
seven-contact plug Sh3-1,. 

KTO type reference capacitors, which are connected to the 
chassis by means of nuts, are used in other circuits. These 
capacitors also serve as reference points for the rest of the 


components connected to them. 
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The screws for tuning fhe H-f circuits are inserted in the 
side of the tubes. The adopted construction of the circuits 

and their attachment to the chassis provide for tuning i-f 

amplifiers with the lids cloded. 

SPN 191 The tuning screws are attached by special springs, and 
- after tuning are sealed with colored laquer. 

To improve the operating stability of the i-f amplifier, 
the points of connection of the lids with the chassis are fitted 
with a gasket of special high-frequency electrical seal in 
the form of a special type of cord spliced with wire and a 
Monel metal strip, which improves the contact between the 
lis and the chassis. 

The i-f preamplifier and i-f amplifier chassis are silver plated. 

A special contact rack, which shorts the power lines of the 
last stages halfway to the first, is set in the middle of the 
subpanel to prevent galvanic connection of the first stage 
of the main i-f amplifier with the last. 

The tule sereens, besides their basis function as shields, 
perform the role of tube holders, which is accomplished by 
special clamp springs which are part of the screen. 

These springs, besides this, provide for reliable contact 
between the tube leads and the panel jacks. 


A view of the i-f preamplifier and amplifier from the 
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mounting side are shown in Fig. 82 and Fig. 8h. 
31. Noise AGC of the Réceiver (Noise AGC) 


A constant voltage of set noises flows from the output 
cathode follower of the receiver to the coincidence tubes 
i ‘ee then to the amplifier, peak detector, and the output tube 
of the automatic locking device. 

The sensitivity of the automatic locking device is 
controlled at a definite noise level. When the environmental 
conditions or the supply voltages are altered, and also 
when the tube and component parameters change as a result of 
age, the level of receiver set noises may change. 

An increase of noises may result in operation of the 
automatic locking device. | 

Such a false lock causes rsnge-only radar to be completely 
faulty, since it excludes the possibility of locking on a 
target. 

A decrease in the noise level is less dangerous; it 
leads to a certain loss of sensitivity of the automatic locking 
device. For example, a twofold decrease in the noise level 
relative to the initial level at which the automatic locking 
device was set results in a loss of approximetely 3-5 db in the 
set sensitivity. 

In connection with this a noise AGC circuit, the purpose of 


which is to maintain the constant noise level at the receiver 
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output when possible destabijlizing factors act, is introduced 
into range~-only radar. 

Besides this basic requirement the AGC system must be 
relativaly insensitive to external interference and target 
pulses whose intensity can change over a wide 
range. 

SPN 196 The noise ACO circuit, comprising tubes 13-9 (6Zh2P), 
L3=11% (6N3P), and L3-10a (6N3P) is shown in Fig. 8&5. 

The first stage (L3-9) is an ordinary amplifier stage with 
rewistorss; the second stage (tube L3-11b) is a diode detector; 
the third stage (tube (L3-10z) is a cathode follower. 

The circuit operates in the following manner: 

Noise from the receiver output is applied to the input of 
the amplifier stage (tube (13-9) through capacitor C3-36. 

The amplified and phase-shifted noises are taken from resistor 
R3<h2, which is the plate load of L3-9, and fed to L3-llb. The 
detected negative noise voltage then flows from the plate load 
R3-2 of tube L3-llb to the grid of cathode follower 18~10a 
and thence to thegrids of the i-f amplifier control tubes. 

In order to avoid the effects of pulse noises reflected 
from ground objects on the ACC circuit, the latter is blocked 
for a period of 50 + 70 microseconds from the moment of emission 


of the main pulse. 
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The trigger pulse from umit 2 passes to diode L3-20b (right 
half), is expanded by the R3-98;C3-70 network, passes through 
capacitor C3-69 to the pentode grid of tube L3-9, and blocks 
the tube for a period of 50 to 70 microseconds. 

Consequently, the noise AGC circuft does not function for 
a period of 50 to 70 microseconds during reception (see Fig. 86). 

The original noise level at the output of the receiver channel 
is set by potentiometer R3-5 and corresponds to a certein negative 
voltage at the AGC output. 

SPN 197 

The noise level at the output of the receiver channel is 
set within limits of 5 +7 v (0.5 of the cutoff limit). 

When the noise level at the output of the receiver changes 
relative to the originally prescribed level, the AGC circuit 
changes its negative output voltage, leading to a change -. in 
the gain of the receiver and to the retention of the prescribed 
noise level at the output of the receiver channel. 

In the event of the absence of manipulation of the circuit 
by a negative pulse when pulses reflected from ground objects 
are present, the AGC circuit increases the controlling voltage, 

which decreases both the noise level at the output of the 
receiver as well as the sensitivity of the set. 

32. Pulse Automatic Gain Control of the Receiver (Pulse AGC) 

Pulse attomatic gain control id designed to maintain the 
pulse amplitude of the target at the receiver output at an 
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approximately constant level when the intensity of the reflected 
signal at the input changes over a wide range. This is achieved 
by increasing the accuracy of determining the range to the target, 
since in the absence of such control the determined range 
would depend on the intensity of the reflected signal; thus, 
the range would be different for two aircraft (targets) of 
different size located exactly the same distance from the 
SPN 202 receiver. There would also be an error in closing with the 
target. This is explained in Fig. 87. 

The pulse AGC circuit operates only on the basis of s selective 
pulse; that is, a pulse which is locked on by the range unit. 
Such selection is necessary so that a decrease in the gain of 
the receiver does not occur in the presence of strong 
extmaneous pulses (for example, noises reflected from nearby 
aircraft of the ground), which could lead to the impossibility 
of locking on a weak useful pulse reflected from the target. 

The pulse AGC circuit (Fig. 88) operates in the following 
manner? 

A positive pulse passes from the anode of the amplifier of 
the automatic lacking device (L3-19, right half of the tube) 
through spacing capacitor C3-65 to the grid of the amplifier 
of tube L3-11 (6N1P). The performance of this amplifier (bias) 
is determined by the control "Pulse Amplitude" (pobentiometer 


R3-65). 
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A negative pulse taken from load R3-52 is detected by the 
normally closed right diode of tube L3-10 and, from its load 
and the stretching capacitance (R5-7, C3-39), is applied in 
the form of a d-c voltage to the grid of the cathode follower 
(left triode of tube L3-10) and thence to the control grids of 
the 1-f amplifier control tubes. 

The change in bias at the control grid of tube L3-lla 
leads to a change in the amplitude of the video pulse at the 
output of the receiver channel. The magnitude of the 
amplitude at the output of the receiver channel is usually 


maintained to within 0.9 of the cutoff level. 
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VII. POWER SUPPLY RB6-l 
33. Function 


This unit is intended to supply the units of the "Kvant" range 
only radar with rectified, stabilized voltages of: 


+ 300 v, + 200 v, + 150 v, and - 150 v. 


3). Functional Diagram 


The functional diagram of the power supply consists of seven 
basic assemblies and is shown in figure 89. 


‘When a ~ 115 v, 400 cps voltage is applied to the primary wir lings 
of the transformers, voltages are taken from the secondary windings 
and fed to rectifiers designed as bridge circuits with crystal dicdes 
type D7Zh. After this, the rectified pulsating voltages are fed io 
electronic voltage stabilizers. 

The constant voltages are fed from the output of these stabiiizers 
to the plug connector of the unit. 
35, Schematic Diagram of the Unit 
A schematic diagram of the unit is shown in figure 90. the unit 
is supplied by a ~ 115 v, 400 cps a-c voltage. 
kectifier and Stabilizer, + 300 v 


The rectifier which supplies the electronic stabilizer with 
+ 300 v is built on a bridge circuit with crystal diodes D7-2h. 


Four ¢erystal diodes are connected to each arm of tre bridge. 

In order to decrease the pulsations of the rectified voltage, a 
capacitor Cl-1 equal to 2 microfarads is placed at the cutput of the 
rectifier. 


The circuit operates in the following manner. 


When an a-c voltage (~ 115 v, 400 cps) is applied to the pramary 


-19; ” 
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winding of the transformer, a voltage of ~ 390 v is taken from the 
secondary winding 3-5 and applied to the bridge. 


When terminal 3 of secondary winding 3-5 of transformer Trle2 is 
positive with respect to terminal 5, Dh-17, Dl-18, Dh-19, Dh-20 and 
Dh-25, Dy-26, Dl~27, and Dh-28 function. 


At the next moment, when terminal 5 of the secondary winding is 
positive, arms Dl-16, Dy-15, Dh-14, Dh-13 and D-2h, Dh-23, Dh-22, 
and Dl-21 function. 


Thus, the rectified current passes through the load through both 
half periods in one direction. 


There are no filters in this rectifier. This is explained Ev the 
fact that the property of the electron-ion voltage stabilizer circuit 
is used as a filter. 


Stabilizers of this type have instantaneous reaction to chances 
in the voltage of an external power supply, which is the rectifier, 
while maintaining at the same time a steady output voltage. 


Further, the rectified voltage is applied to an electronic vwol- 
tage stabilizer which is designed as a series-connected circnit with 
a control tube (Lij-1) type 6PLP and a two-stage d-c amplifier (tube 
Ll=-) (6N2P), with a reference voltage supplied by voltage stabilizer 
SG3S (Lh-10), which is common for all electronic stabilizers of tre 
unit. 


Let us assume that, due to an increase in voltage of the ~115 v 
00 eps supoly network, or as a result of a decrease in current ¢on- 
sumption, the voltage at the output of the electron-ion stabilizer 
increases. This leads to an increase in the divider current, consis- 
ting of resistors Rl-6, Rle7, Rl-8, and Rl-9, to a decrease in neva- 
tive bias at the control grid of the right half of tube Lii-2, and, 
accordingly, to an inerease in its anode current and a drop in voltage 
across resistor kl-5. In turn, the inereased voltage drop at resistar 
Ry-~5 causes a decrease in negative bias in the left half of tube ih-2 
and an increase in its anode current, and, accordingly, to an increas: 
in the voltage drop across resistor R-l. The voltage drop at resistor 
Ru-l) is in no way different than the bias of control tute Li-1, wrich 
determines its internal resistance. . 


The internal resistance of tube Llj-1 increases, causing an ir 


crease in the value of the voltage applied to it and a decrease i: th: 
voltage at the output of the stabilizer. 


-195 - 





SECRET 50X1-HUM 


I 
Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 





Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 


SPN 
206 


SPN 
207 


SECRET 





50X1-HUM 











Thus, the resulting increase in voltage will be compensated. With 
a decrease in the voltage of the ~115v, OO cps supply network, or 
with an increase in current consumption, the voltage at the outpu> of 
the electronic stabilizer will be stabilized in a similar manner. 


Resistors Rl-2 and h-88 serve to limit the current through =ube 
Lu-1 (6P1P). 


Capacitor Ch-2 serves to increase filtering of the output votage. 
Capacitor Cl-3 is a decoupling capacitor. 


Fuse Prl-2 serves to protect tubes L-1 and Ll-2 and transformer 
Trhel. 


Rectifiers and Stabilizers, + 200 v and * 150 v 


The rectifier which supplies the + 200 v and + 150 v electronic 
stabilizers is assembled in a bridge circuit with crystal diodes  /Zh. 
Three crystal diodes are connected to each arm. 


The principle of operation of the rectifier is analogous to that 
described above. 


The 200 v electron-ion voltage stabilizer uses tubes Lij-3, bLi-u, 
and Lh-5a. 


The 150 v electron-ion voltage stabilizer uses tubes Lij-6, Lu-/, 
and Lh-Sb. 


Rectifier and Stabilizer, - 150 v 


The rectifier which supplies the - 150 v electronic stabiliser is 
also designed as a bridge circuit with D7Zh crystal diodes. ‘ach arm 
is connected to 2 diodes. 


Unlike the positive voltage rectifiers examined above, the vol- 
tage for the stabilizer is taken from the "minus" side of the briige 
circuit in this case. 


Tube Li-8 is used as a regulating tube, Ll-9 as a control tue, 
and Ll-10 as the reference voltage source. 


The principle of operation and functions of the individual ¢.e- 
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ments of the circuit are analogous to the above-described circuite 
with only one exception -- in the negative-voltage electron-ion stabi- 
lizer, a decrease in supply voltage causes a decrease in negative oiar 
as the control tube. 


Resistor ij-32 is the load resistance of voltage stabilizer il-1C, 


Capacitor Ch-11 serves to decrease pulsations of the voltage sta- 
bilizer as well as possible self-excitations of the circuit. 


SPN 
.208 36. Construction of the Unit 


The power supply unit is built in a separate mounting frame 
having a shock-absorbing frame and housing. 


A general view of the unit is given in figures 91, 92, 93, and lie 

The more intense sources of heat, namely tubes 6P1P (6 tubes), 
6N2P (3 tubes), SG3S (1 tube), and the vitrified resistor are placed in 
a section adjacent to the front panel. The capacitors are scparazed 
from the forward section by an insulating partition. 


ed On the front panel of the unit (fig. 91) is a fuse box and a 
cable with a 9=pin connector plug. 


At the rear wall of the unit (fig. 91) on a brace are the crysta: 
diodes, which are separated from the capacitor section by another 
screen made of textolite. 


Also on the rear wall of the unit are the control units for 
+ 300 v, + 200 v, +150 v, and - 150 v. 


The shock-mounted frame is mounted to the housing with the aid o* 
locator pins and two knurled hinge nuts. 


The dimensions of the unit are: 284 X 150 X 168 mm. 
Weight of the unit: h kg. 


SPN 
212: VIII. Speed Unit RB6-5 


37. Function 


This unit is designed to automatically determine the reiative 
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speed of the target and to feed the corresponding voltajre to the sight 
computer ASP-5NM and to the comparator unit K-8. 
38. Basic Technical Data of the Unit 
a. itule for speed voltare output in mode "A": 
Usp (v) 2 - 0.1 V m/sec 
in mode "Bly; 
Gon (v) = - 0.0) V_ m/sec 
Speed is positive during approach. 
b. Maximum statistical error in determining speed: 
in mode "A" -- no greater than * 10 m/sec 
in mode "R" -- no greater than * 35 m/sec 


ce Target speed voltage is vresented in a speed range from 
~ 100 m/sec +o + 00 m/sec. 


d. Dimensions of the unit: 92 X 92 X 170 [mm] 


e. Weight of the unit: 1.4 kg. 


39. Functional Diagram of the Speed Unit (Fig. 95) 


The range voltage Ug from umit RB6-3, taken from cathode fol ower 
3-22b through filter #h-13, C5-9, is applied to differentiating 
circuit C5-1, R5-1. 


A voltage appears at the output of the differentiating circuit 
which is proportional to the rate of change of the voltage at the 
input of the circuit. ‘Since a range voltage is applied to the imut, 
the output will provide a voltage which is proportional to rate af 
approach or withdrawal of the target (fig. 96). 


The magnitude of this voltage is small and must be amplified to 


the required value. ‘ince the speed voltage is constant or changes 
slowly, a d-c amplifier must be used for this purpose. 


= 202 - 


50X1-HUM 
£HCRET 


l 
_Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 





pee enoG in ie - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 


C 





Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 








Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 


SPN 
‘216 


SPN 
217 


yet 
pil dy 











50X1-HUM 





The presence of drift makes it impossible to use ordinary d-- 
amplifier circuits, and, therefore, a special amplifier was designed. 


The amplifier consists of a balance converter based on tubes 
L5-1 and L5-2 (type 6368), a phase detector based on tube Lb~3 (6’h1B), 
and a cathode follower -- tube L5-, type 656B. 


The amplifier encompasses a feedback circuit which increases its 
operating stability and provides a constant amplification factor. The 
value of this amplification factor is determined by the feedback tir 
cuit and is equal to 8. : 

The speed voltage passes from the output of the phase Jetector 
through cathode follower L5-l to the sight computer ASP-5NM and t> th» 
comparator unit K-68. 


Capacitor C5=8 is used to smooth speed voltage fluctuations. 
During the setup time of the speed voltage, equal to 1 second, ca 2aci- 
tor C5-8 is disconnected. If this were not the case, the setup time 
would be considerably greater. 


0. Description of Schematic Diagram (Fig. 97) 


A voltage proportional to the range to the target is aoplied 
through filter 85-13 ani C5-9 to the differentiating circuit C5-1 and 
RS-L, at the output of which is produced a voltage proportional t> the 
speed of the target. This may be explained by the fact that, at the 
output of such a circuit, the voltage is expressed by the relationshia: 
dU ine 

dt 

This condition will be satisfied within a time corresponding to 
(3 + h) RC (fig. 96); since, when the station is operating in mote "A" 


U out. = RC 


Vin, = 95 © Bs then, 





AUin J 1 aD , 
at 200 «At - 
correspondingly: 1 an AD 
U out. = 7 0 RC at . 
-6 
Since: RC = 1:10% 0.25510 = 0.25 sec, 
hac 1aD 
s . BO At 
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GOST-VTU Designation and : 
sDeCS. type 


Res PTU-1-L 0t 1% 1 ea 








R5-2 jOZhOWS70037U |[Res.SLT-0.5-100kn-II-3 | 100 kh 
R5-3 OZhOl67CO3TU |kes.MLT-O.5-51kn-II-~B Sl kn 
R5-), '07h0l67003TU |Res.MLT-O.5~3COkn-II-B 390 kn 
R5-8 R5-5 |VP67500h jes. PTU-0.5-12ka £ 1% 12 ka 
[]s\oKe R5-6 |vPL67500h —_|Res.PTU-0.5-L00ka‘1% 100 ka 
RS-7 (OZhOhG7003TU |Res.MLT-1~33kn-II-B 33 ka 
L5-1 L5-2 LS3 Lou oe OZhO67003TU |hes.MLT-O. es 510 ka 
€Seb ZsGpB GIG = Farm |R5-9 'OZhO467003TU jes. MLT-0.5-5.6KN-II-B | 5.6 ka 
C54 6ZhIB se oe R5-10 |0Zh067003TU |Res .MLT~0.5-16kn-II-B 16 ka 
C258 | e RS-L1 |OZhOl67003TU |Res .MLT-1-Slkn-II-B Sl kn 
25-12 jOZhOh67003TU |Res MLT-0.5-1L00kn-II-B | 100 kQ 
R5-1 C5-1 jUBO4SLOLSTU |Cap.MPG-P-250-0. 25-1 0.25 » 
iMa R542 {S82 C5-2 iB0h620177U |Cap.BGH-T-1-0.0lpf-I 0.01 » 
ooKe || Bo ? C5-3 |UBOL62017TU |Cap.BGN-T-1-0.01pf-I1 0.01 » 
R52 R53 S.EKR R510 [J8# jcS-b juBol62017TU |cap.Bati-T-1-3300pf-11 | 3300 
q2kR Sik RD MSIE |05-5 [ozhOL62022TU |Cap.MBGP-1-200-A-0.5nf-I]] 0.5 mf 
a C5-6 |0Zh0),62022TU |Cap.MBGP-1-200-A-2-II 2 pf 
W os. CS-7 |0zhOl62022TU |Cap .MBGP-2-200-A-1-II Lat 
+ f PRAHA Oph C5-8 |0Zh0)62022TU |Cap.MBGP-2-],00-A-0.5-II |0.5 mf 
ro RE-S RSG cs~9 jozho (?)  |Cav.3C%-2-l00-(7) (2) 
€ 2ZKL {OO KO. L5=1- UTUOL31655 |Radiotube 656B 
L5-2 |UTUO131655 |Radiotube 6S6B 
L5-3 jJTUOl31655 |Radiotube 6Zh1B 
t ~ L5-)) |UPU01L31655 |Radiotube 656B 
26-13! (2) Res, (?) 36 kN 
R&-2 Tr5<1 jGYal\71403), |Transf. (?anode cur?) 
‘ Tr5-2 jG(?)-&70-000] Transformer 
3 cs-8 2 gu eler elay vslie2 
net Row2_ Yul71@l21 | Relay xSH-2 
Key to tiqure OT. 
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The given value of sveed is determined by the relationship: 
lA D 
Miso pa 
This also explains the need for an amplifier with an amplification 
factor U 
ae SP. 8 
as = < 
“Wout. 
“when the station is operatinz in mode "B" 
Z D 
Uae Ooi iE 
dAUin. 1aAD 
dt 50dt 
Accordingly: 1 
UW out.= - "O RC sd 
Since the time constant has not changed, 
RC = 0.25 microfarad 
U out.= - ot 
See’ Ss BOO AE 
Saif 
218 Since the amplification remains as before, the speed scale ir 
the "B" mode will equal: 
Sf UW SD. 
. U out. 
WU SD. = U sue & = = 0.04 Vv 

An L-shaped filter 2430, is introduced for the purpose of elimi- 
nating extraneous influences found in the range voltage. 

The computing circuit is also a d-c amplifier with an amolifica- 
tion factor equal to 8. 

The necessity of obtaining a linear characteristic and stable 
operation of the amplifier led to the use of a converter at the output 
of circuit L5-1 and L5-2 to convert the d=c voltage to 400 ens signals 
and to the realization of a basic gain in alternating current. Subse 
quent reverse conversion is accomplished by a ohase detector ‘iL5-2). 

In the search mode the control grid of L5-1 of the balance con- 
verter is connected to ground and the voltage at the gric is equal to 

- 
= 207 - 
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zero. ‘the latter is also the case when locking on a stationary tar- 
get, when the range voltage does not change. 


The voltage at L5-2 is also equal to zero, while the current: 
flowing through the right and left windings of pulse transformer ‘'r5-° 
are equal in value. ‘There is no a-c voltage at the output wirdin: of 
Tr5-2. 


An a-c voltage (100 v, 00 eps) is applied to the screen grii of 
phase detector from a special winding of transformer Tr5-1. During the 
positive half of the voltage cycle at the screen, the tube opens and 
current flows through the anode circuit. During the negative evale, 
the tube is closed and current ceases to flow. 


Capacitor C5=6 smooths the voltage pulsations at the anode, The 
operating conditions of the tube are selected in the given case so 
that the voltage at the anode of L5-3 is equal to zero (this is nossi- 
ble since the cathode of i5-3 is ‘supplied by the - 100 v source). 

This voltage is applied to the grid of cathode follower L511, A nero 
voltage is fed from the output of L5~) through feedback iivicer R'-6, 
R5-5, and 86-6 to the grid of L5=2 and to the sight circuits. 


When trasking an aporoaching target the range voltae increases. 
The derivative of this increasing value is positive and, therefore, 
the voltage at the left grid of the balancing amplifier increases to & 
certain positive value. ‘his value will depend on the closing speed. 


Due to the increase in voltage at the grid, the current in tube 
L5-1 increases in comparison with the current in the right half. [hese 
currents cease to compensate for each other and an a-c signal appears 
at the output of Tr5-2. The middle point of Tr5-2 is supplied by an 
a=c voltage (200 v, 00 cps) from transformer Tr5-1. ‘The a-e voltace 
from the output of Tr5-2 is aoplied to the grid of phase detector u5<?. 


As may be seen from figure 96, the phases of the sismal voltarce 
and the voltage at the screen grid of L5-3 are, in this case, in 
opposition. This leads to the fact that, during the positive half of 
the screen voltage cycle, the voltage at the control grid decreases 
and the anode current of the tube also becomes less, while the voltage 
at the anode increases, 


The increase in voltage at the anode is transmitted through LS-3 
to the sight. In tracking a receding target the voltage at the con- 


trol grid of L5-1 is negative and the phase of the signal voltage at 
L5=3 coincides with the vhase of the reference voltage. 
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The anode current of L5-3 increases and the voltage at the enode 
and at the output of the circuit drop. The values of the voltage at 
the output become negative. In order to obtain a linear transfer 
characteristic, the entire circuit encompasses a feedback circuit in 
the form of divider 5-6, R5-5, and R6-6, 


Due to the high "internal" pain, the transfer constant of the 
entire amplifier is determined in the basic feedback circuit by: 


av 
° 


So ae > 
1 + KB 
where: K - the transfer constant of the amplifier with feedback; 


K.- the transfer constant of the same amplifier without a 
feedback circuits; 
B - the feedback factor. 


K= 


In our case Kk, * 1,000. 


p = 5-5 + 26-6 nee “ek 
25-h + ROG +4 R-5 ~~ 8 
Thus: 2 1,000 
AS TL 2,000 ~ 8 . 


Since the scale (slope of the characteristic) of the sveed yol- 
tage depends on the value of the transfer constant, it may be controli.c 
by changing B by means of R6-6. 


Null control is accomplished with the aid of variable resistor 
R6-10, which balances the currents in L5-1 and L5-2. 


To decrease speed voltage fluctuations, which will occur because 
of fluctuations in range voltage, the smoothing filter 135-6 and ¢ -8 
is introduced into the feedback circuit. 


The principle of operation of the filter is based on tre fact 
that, in the given case, the feedback factor for the high-frequency 
components of speed voltage will be considerably greater than 8, since 
the equivalent resistance of C5-8 will decrease with an increase in 
frequency and will become less than R5-6. 


Accordingly, the amplification factor of the amplifier for high~ 
frequency components decreases and fluctuations do not pass to the 
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output of the circuit. 


A delay in switching on the filter is necessary in order to ce- 
crease the setup time of the speed voltage. 


In the differentiating circuit RC = 0.25 sec. Without consicer- 
ing the filter, the setup time is 0.75 + 1 sec., and with the filter 
it reaches greater values (RC of the filter = 0.05; WRC = 0.2 sec, 
considering gain, RCoquiy, = 8 x 0.2 = 1.6 sec). 


In the search mode a search voltage will appear at the input of 
the differentiating circuitwhich will fluctuate between 25 and 185 
volts. When locking-on is achieved, the voltage will correspond to 
the range to the target. 


In order that the unit will not be overloaded by large voltages 
while in the search mode (scanning rate ~ 3,000 m/sec), the grid cir- 
cuit of the input tube of the balance converter L5-1 is connected to 
ground by contacts 1;2 ef relay RS-1 and opens only at the moment of 
lock-on, while, simultaneously, contacts 33) of the same reley serd 
a lock-on signal to the sight ASP-5NM. 


yl. Construction 


The speed unit has a cylindrical shape with a maximum diameter 01 
92 [mm] and a length of 170 [mm]. ‘The unit is dust- and moisture 
proof. 


Located on the front panel of the unit are tubes with rubber 
seals protected a perforated metal casing, and the connecting cab_.e 
with hermetically sealed bushings located under the protective fare 
plate and shield. (Fig. 99). 


Perpendicular to the front panel is the mounting frame which as 
cutouts of complex shape. 


On the top of the mounting frame (fig. 100) are located: the 
power transformer, a type RSM relay, an interstage transformer 
TI-87-0-000, type MGBP capacitors, type MPGP capacitor for the <if- 
ferentiating circuit, and a wiring panel. 


Precision resistors are located on the bottom of the mountin;: 
frame (fig. 101). 


The unit has a cylindrical housing with a sealing flange. 
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Sealing is accomplished through the use of a rubber gasket be- 
$ween the front panel and the flange of the housing. The unit hes 
removable holding straps. 


The weight of the unit is 1.) kg. 


'%,. Control Panel (K-6) 
2. unetion of Control Panel 


The control panel is the center of all the basic ccntrols of the 
set and is the control point from which is measured the voltare at the 
"sensitivity" potentiometer of the automatic lock-on device. In sddi- 
tion, the "time relay" which serves to delay cutting in of the hich 
voltage in unit RB6-2M, and the circuit switching relay for the overa- 
ting modes of the set are also located on the control panel. 


3. Schematic Diagram of Control Panel 


A schematic diagram of the control panel is given in firure 102. 


Fuse PR6-2 (5 a) is Located in the 115 v, OO cps circvit-breaker, 
When the current consumed by the sight or the radar in the TIS ay, 
OO cps circuit exceeds 5 amperes, fuse PR6-2 blows the circvit-break- 
er in the network. 


Fuse PR6-1 (10 a) is located at the breaker for the 27 v cirruit. 
when radar or sight current exceeds 10 amperes in this circuit, fuse 
PR6~-1 breaks the circuit. 


The "AFC Gain" potentiometer serves to regulate the initial tias 
at the control grid of the i-f amplifier tube of the AFC circuit. 
Capacitor C6-2 blocks high-frequency current from resistor %4-3. 


The "Sensitivity" sotentiometer R6-13 and resistors Ré=1? ané 
R5-1h create the necessarv level at which the automatic lock-on cir- 
cuits begin to operate (see the description of the automatie Lock-on 
circuit of range unit 336-3). 

The "Range Zero" potentiometer (R6-15) and resistor f6-L6 com>ris> 
a divider from which is taken the voltage for regulating rane zer> in 
the "Fast Sawtooth" generator. 


Potentiometer H6-11 is located in the grid control circuit of the 
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fast sawtooth generator and regulates the range "Scale" in mode A", 
Potentiometer 26-17 regulates the range "Scale" in mode "B", 


Potentiometer R6-6 is located in the feedback network of the cir. 
cuit which provides the speed voltage and serves to remilate the 
"Speed Scale." 


Potentiometer it€-10, resistors R6-8, R6-9, and capacitors Ct =3, 
C6-l, are placed in the cathode circuits of the amplifier used in she 
speed processing circuit. Potentiometer R6-10 regulates the speed 
"Zero," 


The purpose of relays R6-1 and R6-2 is to delay cutting in cr the 
high voltage for the period of time necessary to warm-up the modvlater 
in the receiver-transmitter unit. Relay R6-1 is a thernorelay; 16-2 i 
an electromagnetic relay. 


SPN A voltage of + 27 v is fed to the winding of R6=2, which cleses 
230 the high-voltage circuit (contacts 7-12), through the normally open 
contacts of relay R6-1 (contacts 3-1). 


When the toggle-switch "stantsiya" [set] on the Sight is switched 
on, a voltage (~115 v, 100 cps) is applied to unit RB6-),, where the 
ed supply voltages of the set are produced. A - 150 v voltage is fei to 
thermorelay R6-1. The operating time of the thermorelay is °.5 t> 
3 min. When the relay operates, contacts 3+); close and + 27 v is 
applied to the winding of relay R6-2, operating this relay and cl>sin: 
contacts 7-12. 


After this, the high voltage may be turned on by means of to -gle- 
switch "Radio-Optics" located on the control panel of the sicht. wher 
this switch is turned on, a voltage of ~ 115 v, 00 eps is anplisd to 
the primary winding of the high-voltage transformer in unit i86-7°° 
and signals that the hirh voltage is on. 


Fuse PR6-3 (0.5 a) is located in the high-voltage switching -ir 
cuit. If current consumotion in this circuit exceeds 0.5 armere. 
the fuse blows and the cireuit is opened. 


Relay 6-3 serves to switch the radar circuits between nodes 
"A" and "B", In mode "A", when the relay is de-energized, the range 
voltage is applied to the sight according to the rule: 


D 
Ue ce 396: - 





(contacts 1] and 6), the circuit 6-17, R6-18, R6-19 is shorted (con 
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tacts 9-1), and the ferrite switch switches operation of the antenna 
to wide beam (contacts 12-8 and 10-3). 


With the presence of a mode "B" signal, relay R6-3 operates and 
disconnects the range voltage from the sight circuits, apolying it te 
unit K-8 (contacts 11-5). The network R6-17; R6-18; R6-19 is cornec- 
ted in series with the notentiometer "Range Scale A," following tie 
rule: 

U,=- " see 
d= 195 50 


Simultaneously, the ferrite switch switches the antenna to 
narrow beam. Resistor :6=-21 (100 ohms)serves to measure the currents 
of the ferrite switch in moth modes. 


Resistors R6-7 and 6-20 provide the required magnetization 
current for the ferrite in both modes. 


ih. Construction of Control Panel 
(Figures 103, 10) 


The control panel is made of a box chassis and a housines which is 
fastened to the chassis by 5 screws. On the front panel of the writ 
are the following: 


a. "Sensitivity" potentiometer 

b. "Range Zero" potentiometer 

c. "Range Seale A" votentiometer 

d. "Range Seale B" potentiometer 

e. "AFC Gain" potentiometer 

f. "Speed Zero" potentiometer 

g. "Speed Secale" potentiometer 

he "115 v, S a" fuse 

i. 115 v, "VN." [High-Voltage], 0.5 a fuse 
je "27 v", 10 a fuse 


At the bottom of the unit is a cable which connects to an iner 
mediate cable with the aid of a type "R" connector with 28 contacts. 


Dimensions of the unit: 170 X 110 X 78 mm. 


weight of the unit: 1.5 kg. 
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235 X. Comparator Unit (K-8) 
5. function 

The comparator is designed for: 

a) Supplying a present-range-to-target voltage to the pilot's 
range indicator "UD-1" following the rule: 

U vanze (volts) = 3.75 D (km). 

b) Automatically comparing vresent range to target with the per. 
missible launch range of homing missiles K-13 and supplying a trigges 
signal to the green light "Launch" located on the pilot's instrunent 
panel. 

c) Signalling when withdrawal-from-attack range has been reacher 
(the red light "Pull-Out" located on the pilot's instrument panel. 

d) Feeding a d-c voltage (+ 27 v) to VRD-2A. 

Switching the circuits of the unit to operating status is accom- 
plished automatically by lock-on and mode signals. 

— 
46, Basic Technical Data of the Unit 

a) ‘The operating range supplied to the pilot's range indicasor 
"UD-1": O + 8 kn. 

b) The relationship of present~range-to-target voltages supplie-.i 
to the pilot's range indicator is given in table #1. 

Table #1 
SPN —_— 
236 D [range] (m) Uy (v) 
ye 
1,900 3275 
2,000 7.50 
3,000 11.25 
}, 000 15.00 
5,000 18.75 
6,000 22.50 
7,000 26.25 
8,000 30.00 
jes 219 - 
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c) The relationship of withdrawal-from-attack siznal (pull-out 
signal) to range-to-tarpet: 


1,000 m & D 


pull-out € 1,150 m 


d) Dimensions of the unit: 159 X 109 X 90 [mn]. 


e) Weight of the unit: 1 kg, 


hi7?. Description of Operation of Unit According to 
Functional Diagram 
A functional diagram of the unit is given in figure 105. 


The permissible range voltage (Uj aed from the outout of VRD-2A 
and the present range voltage (Uj= 195 - =z) are fed through the 
0 


cathode follower to the comparator tube L8-2, which is closed in the 
initial state. 


The moment of launching the missile is determined from the 
equality: 
“ores & Der 
SPN 


237 When Uj pres * U. tube L8-2 opens and the voltage at itz 


Sper? 
anode drops suddenly. At the same time, the voltage at the grid cf 
the tube of relay L6-3a decreases, the tube closes, and the relay, 
which is connected to the anode of the tube by its normally closer: 
contacts, turns on the green light. "Launch." 


The "pull-out" cireuit consists of a precision divider to which 
is fed, on the one hand, the present range voltage and, on the other, 
a negative voltage of = 150 v. 


The voltage from the divider is applied to the grid of tube 
L8-3b, to the anode of which is connected the pull-out signal relev. 


The tube is closed in its initial state. 
With the arrival of a lock-on signal and when the range voltae 
has reached a value equal to a distance of 1,000 +1,150 m, the tube 


opens and the relay operates. fhe "Pull-Out" light on the vilot's 
instrument panel turns on. 
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The circuit used to convert the present range voltage to the vol- 
tage which is applied to the pilot's range indicator consists of an 
operational amplifier in a negative feedback circuit. 


The present range voltage, which is applied to the input of she 
operational amplifier, changes from 195 v to 35 v with changes in ram: 
from O to 8 km; that is, it changes according to decay law. 


In connection with the fact that the full deflection current of 
the pilot's range indicator is equal to 10 ma and the resistance of ti 
instrument is equal to 3 kilohms, it is necessary that the voltag? in 
the indicator change within limits of 0 to 30 v with changes in range 
(Doves) from 0 to 8 km; that is, according to an increasing law. 


Conversion of the law to a range voltage scale is accomplish:d b7 
the operational amplifier which sends a range voltage in the necessar~ 
scale to the pilot's indicator. 


48. Description of Operation of Unit According to 
A schematic diagram of the unit is given in figure 106. 
When the set is operating in mode "A", relay R8-5 is in the re- 
leased position. In this case the circuit of the range instrument is 
open. 


In the absence of a lock-on signal, relays R8-3, R8- are in the 
released position. 


The range instrument and "Launch" signal circuits are o2en and 
part of the divider of the pull-out circuit is connected to cround. 


In the presence of a mode "B" signal and a lock-on signal, tre 
relay operates and the circuit becomes operative. 


The basic function performed by the unit is the comparison ef two 
voltages: 


Ug pres ~~ supplied by the range unit, and Vises ~~ taken fror po~ 
tentiometer VRD-2A. 


i) 
The present range voltage in the scale Wy= 195 - “25 , taker frot 
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2ho . unit RB6-3, flows through cathode follower L&-1 (a) to the precision 
divider R8-33, 28-3), R&-35, to the other end of which flows (alsc 
through the cathode follower L8-1 (b)) the permissible range voltege 
taken from potentiometer VRD-2A, The control grid of tube Lt-2, & 
pentode with high transeonductance and a high-resistance anode loed, 
is connected to the middle point of the divider; therefore, tne siight- 
est change in the voltage at the grid with respect to the cathode will 
cause a sharp change in the potential of the anode. 


Tube L8-3a is open in its normal state. 


The operating condition of tube L8-2 is selected so that when 
voltage Ua reg iS greater or equal to UJ pep, the tube opens anc é 
voltage is suddenly applied to its anode. The drop in voltage through 
divider R8-7, R8-8 is applied to the grid of tube L8-3a. The tube 
closes and de-energizes relay it8-1. The green light "Launch" on *he 
pilot's instrument panel is turned on. The withdrawal-from-attaci: 
circuit consists of a precision divider and tube L8-3b; the anode oF 
this tube is connected to relay Rb-2. One side of the divider is 
supplied by a voltage of - 150 v and the other side by the presen. 
range voltage. 


In its initial state, when there is no lock-on signal, part of 
_ the divider is grounded through contacts 3 and lh of relay Rh-l, anda 
negative voltage from R&-13 is applied to the grid of L&-3b, closing 
the tube to current flow. 
SPN 
ohd With the arrival of a lock-on signal, relay R8-l operates an‘ 
the divider is disconnected from ground. 


Now a range voltage flows to the divider. When the range vo..tage 
equals 175 + 172 v [sic], corresponding to a range of 1,000 - 1,1'0 m, 
the potential at the control grid of L8-3b increases until the tube 
opens and relay R8-2 operates. The red light "Pull-Out" on *he p Lot? rt 
instrument panel is turned on. 


In order to check for errors in the comparator circuit and tne 
pull-out range circuit during ground checkout, a calibration signal i: 
taken from the control. instrument K’K. In this case, relays 8-7 and 
R8-6 will operate and send voltages from KPK to the input of the com 
parator circuit, simulating permissible and current range voltages. 


The circuit which supplies the range voltage to the pilct's -angy 


indicator is designed with tubes L8=-l; and L8-5, The true range wltay 
changes from 195 to 35 v; that is, the voltage drop will equal 16! v. 
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The voltage applied to the range indicator must change from) v t> 
30 v3 that is, the voltage drop to the indicator is aoproximetel; 5 
times less. 


This condition determines the scale of the operational amplifier. 
which is set by the ratio of the arms of divider R8-16, R8-17. 


For precise adjustment of the scale, the divider is connected te 
potentiometer 18-16, the center point of which is connected to the 
prid of tube L8-5. 


The operational amplifier represents a servo system with strong 
negative feedback. 


Tube L8-5, a pentode with high gain, picks up the smallest 
changes in voltage at the center point of potentiometer R8-16 ant, 
after amplification, feeds the voltage through divider li8-20, R8+21 ts 
the grid of cathode follower L8-lb. 


A change in voltage at the cathode of L8=ljb causes a change in 
the voltage drop across R8-17 so that the voltage at the center point 
of potentiometer R€-16 will always equal zero. As an example, let us 
assume that the voltage at the cathode of L8=la decreases; then the 
potential at the control grid of L8-5 decreases, the voltage at the 
anode of this tube increases and is fed through divider R8-20, RE-21 
to the cathode follower L8-lb. The increase in voltage at the cathode 
of L8-lb causes an incroase in the voltage drop across H8-17 so that 
the voltage at the center point of potentiometer R8-16 will equal zero. 


On the other hand, if the voltage at the cathode of L&-ha in- 
creases, the voltage at the cathode of L8-lb decreases to a correspon-~ 
ding degree and the voltage at the center point of potentiometer 
R6-16 will again equal zero. 


The range voltage in the necessary scale is fed to the silot's 
range indicator. 


Tubes L8-6 and L8=-7 form a rectifier with electronic stabiliza~- 
tion for supplying VRD-2A with a dec voltage of 28 v. Fotentiomeler 
R8-l1 (VRD), located on the front panel of the unit, sets the outsut 
voltage of the rectifier. 

lS, Construction of the Comparator 


The comparator umit is built in a box chassis, one wall of wich 
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forms the front panel. All parts are mounted on plates to provi je 
free access to the varts when reolacement may be necessary (fig. 107. 
108). 

The housing is fastened to the chassis with screws. 

On the front vanel of the unit are the following: 

1) "Range Zero" potentiometer (Re2h), 

2) "Range Seale" pntentiometer (R-16). 

3) "Pull-Out" potentiometer (R-12). 

lh) "VRD Calibration" potentiometer (Rll). 

5) six control points. 

6) Two terminals: "Out. D" and "Out. VRD", which can 3e ugsd 
to check the comparator and pull-out channels in the aircraft or in 
the absence of VRD-2A, 

The unit is connected to the intermediate cable of the radar with 


_” the aid of a cable (attached to the comparator) terminated by a 32- 
contact plug type 28M. 
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50. Function 


The control instrument KPK is designed for measuring the baric 
parameters of the radar, controlling its circuits, cheexing rang: 
calibration, accurately measuring the range voltares in both modes br 
the compensation method, as well as for measuring pull-out range and 
and errors in the comparator circuit in unit K-8. 


51. Technical Data 


1. Voltage control: 


a 115 vy 00 ens (scale 300 v) 
be. + 274 (scale 30 v) 
Ce & 300 ¥ (scale 300 v) 
de + 200 v (scale 300 v) 
- ew +150 v (scale 300 v) 
£. - 150 v (scale 300 v) 


Measurement accuracy for all scales is no less than % 2.46%, 


2. Current control: 


ae Receiver crystal current (scale 3 ma) 
b. AFC erystal current (scale 3 ma) 
c. Magnetron current (scale 3 ma) 
d. Ferrite switch current (scale 60 ma) 
Measurement accuracy for all scales is no less than © 2.52, 
SPN 
2h7 The Control Instrument Provides for: 
a. Manual gain control (MGC) within limits of not lese than 
O 2 - 12 v in the "MGC" position of toggle-switch "AGC-MUC", 
-~229 - 
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— 
b. Manual frequency control (MFC) by changing the voltage in tke 
reflex klystron within limits of not more than - 80 v and not less 
than - 120 v in the "MPC" position of togele-switch "MFC-AFC", 
The Control Instrument Calibrates the Following VYoltaces by the 
compensation Method: 
a. ange voltage in mode "A" at the points: 500 m, 1,900 », 
1,500 m, 2,000 m, 2,500 m, and 3,000 m 
b. ange voltages in mode "B" at the points: 500 m, 1,000 2, 
1,500 m, 2,000 m, 2,500 m, 3,000 m, 3,500 n, 4,000 m, 4,500 m, 5,200 1, 
and 5,500 m. 
Measurement accuracy is not less than * 1m. 
52. Components of the Instrument 
The following components are included in KPK: 
_— a. The KPK instrument oroper (GN2.761.057.) 
b. Ultrasonic calibrator UKKM-1. 
c. Two connecting wires with plugs. 
d. Coaxial T-junction for connecting UKKM-1. 
53. Description of the Operation of KPK According to 
Jchematic Diagram (Fig. 109) 
The control instrument KPK consists of two basic assemblies: 
a. The control board, similar to RB6=PK, 
b. The compensation measuring assembly. 
SPN 
248 Description of Schematic Diagram of Control Board 
The following set parameters may be checked with the aid of tre 
re - 230 - 
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. ed 
control board: 

a. Voltage 115 v, 00 cps 

b. u + Ol v 

Ce " + 3700 v 

d. I + ?00 v 

Ge " +150 v 

Ps iY - 150 v 

g. TKI crystal current of receiver channel 

h. TK ITI ervstal current of AFC channel 

i. T.M, magnetron current 

je Ug voltage proportional to range 

k. FX. currents of ferrite switch 

—_ 

{In addition, the control board provides for manual control a” 
gain (MGC) and manual regulation of voltage at the klystron repelier 
in the AFC channel. 

The control board cireuit consists of two functional aseemblier: 

The assembly for measuring the parameters of the set, which in- 
cludes the wafer switch "Mode" (Vl1-~L1P2N) and instrument IP-1 "More" 
of the VA-l6 type. 

The assembly which provides for control of the set and consists 
of two toggle-switches "AFC=MFC" and "AGC-MGC" and two dividers, whick 
include the "Tuning" and "Gain" potentiometers. 

The parameters of the set are checked in the following manner: 

SPN 
2h9 a) In checking the ~115 v, the voltage passes from two contacts 
Sh-1 of KPK through resistors 23; Rl and crystal diode i-1, under- 
going half-wave rectification, to wafer switch V-1 (a) in positior 
"e~ 115 v" and thence through instrument IP-1 "Mode" to Vel (53. © °rom 
wafer switch V-1 (b) the "~*~ 115 y" voltage is applied to contact 3 of 
Sh=-1 of KPK. Resistors 23 ani Ri are selected so that the full scale 
ame, - 231 - 
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equals 300 v. 


b) The "+ 27 v" voltage is fed from contact SSh-1 to warer 
switch V-l (a) in the position "* 27 v" and through instrument IP-1 to 
V-1 (b); from the wafer switch, the "+ 27 v" measuring circuit is con- 
nected to ground through resistors Rll and RLS#. Resistors 21h aid 
RLS* are selected so that the full scale of the instrument is 30 +. 


v) "+ 300 v" is fed from contact 16 of connector Sh-1 +o wa ‘er 
switch G (a) in the position "+ 300 v" and through instrument I*=1 
to V-1 (b). 


From the wafer switch, the "+ 300 v" measuring cirewit is con- 
nected to ground through resistors 9%, RLO, and RLL. These resistor: 
are selected so that the full scale equals 300 v. 


g) "+ 200 v" is fed from contact 15 of connector Sh-l to wa.‘er 

switch V-1 (a) in position "+ 200 v" and through instrument I?-1 +o 
V=1 (b)3 the "+ 200 y" measuring circuit is connected to ground from 

a V-1 (b) through R9¥, HLO, and R11. (300 v scale). 

S 

250 d) "150 v" is fed from contact "11" of connector Sh-1 to waver 
switch V-1 (a) in position "150" and through instrument [P-1 to V-l (br). 

_ The "# 150 v" measuring circuit is connected to ground from V-1 (1) 
through R9%*, RLO, and Rll. (+ 300 v scale). 


ye) "+ 150 v" is fed from contact "13" of connector Sh-1 to 
wafer switch V-l (b) in position "= 150 v" and through instrument i[P-] 
to V-1 (a). From V-1 (a), the "= 150 v" measuring circuit is conrectec 
to ground through R9#, #10, and Rll. (- 300 v scale). 


zh) "TK I" ig fed from contact "8" of Sh-1 to wafer switch V-1 (4° 
in position "IK I" and through instrument IP-1 to V-1 (b}. ‘rom W-1 (#°, 
the TK I measuring circuit is connected to ground through resistor 
R-1l2#. This resistor is selected so that the full scale of the instru- 
ment equals 3 ma. 


z) "TK II" ig fed from contact "9" of Sh-1 to wafer switch 
V-1 (a) in position "TK IT" and through instrument IP-1 to Y-1 (>). 
From V-1 (b), the TK II measuring circuit is connected to ground 
through resistor. 28-12%. (3 ma scale). 


i) "T.M." is fed from contact "10" of Sh-1 through resistors 
Rel, R-2% to wafer switch V-1 (a) in position "T,M," and through in- 
strument IP-1 to V-l (bo). The T.M. measuring circuit is connected to 
ground from V-1 (b) 


- 232 « 
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SPN 
251 Resistors R=l anr Re2% are selected so that the full scale eruals 


3 ma. 


k) nd « passes from contact "7" of connector Sh-l to wafer 
switch V-1 (b) in position "Wd" and through instrument [P-1 to Vel (¢? 
From V-l (a), "Wd" is fed through R5 to point + 195 v of divider RB, 
R6%, and R7. 


With a range voltage equal to + 195 v (range equal to zero), the 
pointer of instrument I°-l remains at zero. At other ranges, the in- 
strument measures the rance voltage in volts (150 v scale). 


1) “F.K." passes from contgct "6" of connector Sh-1 through re- 
sistors R22% and R21 to wafer switch V-l (b) and through instrument 
IP-1 to V-l (a). The current measuring circuit of the ferrite switch 
is connected from V-1 (a) to + 27 v. Resistors R22 and R21 are sclec- 
ted so that the full scale equals 60 ma. 


Manual Gain Control and Manual Frequency Control 


Manual gain control (MGC) and manual frequency control (MFC) are 
accomplished in the following manner: 


Dividers RL6+, #17, 318, and R19* are fed by - 150 v through 
toggle-switches Vl and ¥2. ‘the dividers are designed so that a vel- 
tage regulated from - 30 to - 120 v is taken from potentiometer Hi7 
(MFC) and a voltage regulated from 0 to - 12 v is taken from potertio- 
meter 220 (MGC). 


a3 
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DESCRIPTION OF THE SCHEMATIC DIAGRAM OF THE COMPENSATION«MEASURIN® 


ASSEMBLY 


The circuit of the compensation-measuring assembly consists 
of four functional elements: 
a) Voltage dividers R-38 +47, from which a voltage 


proportional to the range is taken after each 500 m according 
to the law: a Dm ’ 
Uaz 4s 35 WW V. 


b) Voltage divider R23 +R37, from which a voltage proportional 
to the range is teken after 500 m according to the law: 
wae : ae 
Ud= las -2 
so 
v) Voltage dividers R354 -R 46, from which a voltage 
proportional to the range is taken after 500 m according to 
the law: 


Ud-rar (diffrena) = 3,62D tm win 


g) A compensation circuit, which consista of: 


ae two type VA-6 "compensation" and "error" instreaments. 
b. switches "4," "-," 'On-off," "Goarse-Fine." 

v. Resistors R-61, R-62, R-63, R-66, R-~67, R-68. 

g. "Error" potentiometer (R-6l). 

ad. Voltage rectifier circuit for supplying the "Frror" 


potentiometer. 


= 23h © 
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RANGE-MEASURING CIRCUIT IN MODE "a" 


A voltage proportional to the range, taken by "Range" 
switch (V-6) from divider R38-R47 is applied through toggle 
switch "On-Off" (V-8), and "set mode" switch (V-5), located 
in position "A" on "compensation" instrument (IP-3). 

"Coarse-Fine" switch (V-6) is set in the "Coarse" position. 

Set voltage flows simultaneously to the instrument through 
the "set. mode" switch in position "A" and through the “Error” 
instrument (IP-2). The needle of the "Error" instrament must 
remain at zero. 

If the voltage taken from the divider is equal to the set 
voltage, the needle of the "compensation" instrument will 
also remain at zero. 

If the voltages being compared are not equal, the unbalenced 
voltage, which is set at the "Error" potentiometer, is determined 
by the "Error" instrument. 

Then, setting the "Coarse-Fine" switch at the "Fine" position, 
we determine the exact error, with the corresponding sign, directly 
by the "Error" instrument. 

The "Error" instrument measures the difference in the 
compared voltages fed to it. 

The entire scale is 120 meters. 


=235 = 








SECRET 
50X1-HUM 


Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 


Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 
SECRET 








50X1-HUM 




















SPN 254 CIRCUIT FOR MEASURING THE PULL=<OUT RANGE AND ERROR OF THE 
COMPARITOR CIRCUIT IN UNIT "K-68" 


The determine the pull-owt range and error of the comparitor 
sireuit, it is necessary to connect "Outpeat D" and "Output VRD" 
in KPK with the corresponding terminals in unit "K-8." 

The "calibration" toggle switch in KPK is set in the "on" 
position. 

The "on-off" toggle switch is set in the "off" position. 
The "set mode" switch is set in the "o" position. 

Lock on a target at a range of 1000 m, and turn on the 
"pull-out" light by rotating the handle of the potentionmete:- 

— Read the exact value of the pull-out range on the scale of the 
"Error" instrument, 
Divit-out = 1000 m £ D instrument. 

The full scale of the instrument is 150 meters. 

Having set the "set mode" switch at "Cc" position, determine 
the error of the compargtor circuit in an analogous manner 
according to whether the "Launch" light is lit upon locking on 
a target at distances of 1,000, 2,000, 3,000, 4,000, end 5,000 m. 

In this case, the full scale of the instrument is 120 meter. 

In both the above-described measurements, the "Error" 
instrument is connected in series with the present-range voltzge 


circuit. 
=236 = 
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For fine adjustment of the VRD divider under factory conditions, 
the "set. mode" switch has the technological position "N" 


(adjustment). 
COMPENSATION CIRCUIT 


The compensation, currentless method of measuring is used 
in this circuit. 

It consists of the following: 

A "Compensation" instrument is acted upon by two voltages: 
on the one hand, the voltage taken from the divider, and on 
the other, the set voltage. 

If these voltages are equal, it means that no current 
flows through the instrument, and its needle stays at zero. 

If the needle of the instrument is deflected to one side 
or the other, it means that the voltages being compared are 
not equal. Then, setting the "Coarse-Fine" switch in the 
"Fine" position, we switch in the error-measuring circuit. 

In this case, "Error" potentiometer (R6l,), which is supplied 
by a rectified voltage of 3.5 v, is connected between the 
instrument and the voltage taken from the set. 

If the voltage flowing from the set is less than the voltage 
taken from the divider, then the switch with the "error" sign 
must be set in the "+" position. Then the voltage taken from 


the potentiomeher will be added to the voltage taken from the 


-237- 
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set; the voltages flowing to the instrument are equalized by 
changing the voltage at the potentiometer. 

The voltage at the potentiometer is measured by the "Error" 
instrument, which is connected to the output of the "Error" 
potentiometer. 

For convenience in reading errors, the scale of the "Error" 
instrument is graduated in such a manner that the full scale 
corresponds to 30 m in mode "A,", to 120 m in mode "BR" anal'c," 


and to 150 m, in mode "®," 
5h. CONSTRUCTION OF THE INSTRUMENT (Fig. 110, 111) 


The control instrument is made in the form of a table model 
[all control located on top]. 

All the elements of the circuit are located on a chassis, 
Which also forms the front panel of the instrument. 

The instrument has a removable housing with a lids; the 
lid is fastened to the housing by two "phonograph" type locks. 

There is a handle on the side of the housing for convenience 
in carrying. 

There is a section in the housing for: 

a) Ultrasonic line UKKM-1, which is fastened to the 
housing by two screws; 

b) a coaxial T-joint; 

v) two leads with plugs; 

g) A KPK instrument cable; 


- 238 - 
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The face panel is attached to the housing by four screws. 
Controls are located to the left on the face panel and 
include: 
a) A type VA-6 "Mode" instrament. 
SPN 257 
») "Mode" wafer switch. 
v) "Gain" control. 
g) "Tuning" control. 
a) "MGC-AGC" switch. 
©) "AFC-MFC" switch. 
A measuring attachment is located to the right on the face 
panel and incl wands 
— ae A type VA-6 "Compensation" instrument. 
b. A type VAeL6 "Error" instrument, 
ve "Range" (in meters) wafer switch. 
ge "Set Mode" wafer switch. 
d. "On-Off" switch. 
e. "Coarse-Fine" switch. 
zh. Ut" H+ H— pwitch, 
2. “Error" control. 
i. "Calibration-On" switch. 
- 239 - 
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TADEX 


GENERAL INFORMATION 

1. Application 

2. Basic tactical-technical data 
3. Range-only radar assembly 


PRINCIPLE OF OPERATION AND INTERACTION OF 
INDIVIDUAL ELEMENTS OF "KVANT" RADAR 


4. Principle of operation 

5. Block diagram of ramge-orly radar 
6. Furctional diagram 
ANTENNA-WAVEGUIDE ASSEMBLY 

7. Application 


8. Basic tactical-lechnical data of the 
antenna-waveguide chaanel 


9. Waveguide chanzel 


19. Description of ferrite commitator 


RECEIVER-TRANSMITCER UNIT 

ll. Application 

12. Make-up of the Unit 

13. Basic tactical-technical data of the uatt 


14, Description of the operation of the unit 
according to the functional diagram 


15. Description of the onerations of the unit 
according to the schematic diagram 
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a) Submodulator 42 
b) Blocking oscillator ‘h 
v) Cathode follower 50 
g) Modulator 5G 
d) High-voltag- rectifier 52 
e) Discharge tube firing rectifier oh 
16%. High-frequency receiver-trassmitter device 
a) Punction 7 
b) High-frequency device Qj 
v) Magnetros oscillator rs 
g@) Schematic diagram of high-frequeacy head 7h. 
a) Design features of high-frequency head Be 
17. Klystron AFC Ay 
18. Structural desion of the unit Po 
RANGE-ONLY RADAR REGEIVER UNIT 
19. Fusaction of unt+ 17 
20. Basic technical characteristics of the umit 17 
2l. Description of the umit operation based to 
to the functional diagram pe 
a) Search mod- 139 
b) Tracking mode MO 
22. Description of the operation of the unit based / 
on schematic diagram 1:6 
2 23 = 
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i a) Trigger miltivibrator 116 
b) Fast sawtooth generator 118 
v) Slow sawtooth generator LOT 
gs) Comparitor circuit L29 
a) Range pulse generator 38 
* Time disariminator Lag 
zh) Control unit (double generator) io 
z) Automatia locking devices ‘63 
k) Constructive design of the unit ek 
VI. RECRIVER 

23. Purpose and make-uo (2 

24, Descriptios of the operation of the receiver 
according to functional diagram "72 
_ 25. Function of tf amplifter “Th 

26. Description of if orsamplifier according to 
schematic dias1am 1S 
27. Main if ampolitier 182 
23. Detector ON 
29. Video amplificr EQ 
39. Constructiosa of the receiver 2g 
31. Receiver nois: AGC yeOL 
32. Receiver puls: AGC ic? 
SPN 263 
VII. POWER SUPPLY UNIT RR0-4 
33. Function 3 
34, Functional dtacram 3 
bo ~ 24h - 
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35. Schematic ciagram of wait £255 
36. Construction of unit od 


VIII. SPEED UNIT RBO-5 


37. Function Le 
33. Basie technicrl characteristics of the unit 12 
39. Functional dingram of soeed unit ‘12 
4O, Deseription of schematic diagram | LD 
41. Construction “gah 


IX. CONTROL BOARD (K-53) 


hO, Function of control board 728 
43. Schematic diazvram of cortrol board 223 
kh. Gonstructioa of control board 31 


SPN 264 X. COMPARITOR UNIT (L-3) 


4S, Function 135 
— 
46. Basic techniaal characteristics of the unit O35 
7. Deseription af the operation of the unit 
accordimg t> ‘unctiomal diagram 239 
48. Description ai the operation of the unit 
accordiag +> schematic diagram e353 
UO, Constructiog of comparitor unit 43 
XI. 650. Function gy 
51. Technical data 249 
52. Components of the instrumeats 247 
53. Description of KPK according to schematic diagram Pat 
54. Constriction of the instrument 256 
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50X1-HUM 
_ 
—_ss—sSsSC~CstsSCSCSC*CSCNm@n lature of Elements aes eee: ay 
~———~State National  — Basic 
Pos. Standard, VTU Data 
Design. Normal Drawing ___Name_ and Type Rated Ss Now = Note 
R2-1 UBO 467 O19TU Resistance ULM-0.12-220 Ohn-I 220 Ohm l 
R2-2 UBO 467 019TU epcas ULM-0,12-3.3 kOhm-I 3.3 aia? a 7 
R2-3 UBO 467 019TU peleae ULM-0,12-2.7 kOhm-I 2.7 ae. 4 a 
R2-4 UG0 467 019TU ene ULM-0.12-3 kOhm-I 3 ae L oe i 
R2-5 upo 467 019TU Seeusteacs ULM-0.12-220 Ohm-I 220 aay i _ 
R2-6 UBO 467 019TU Sia ULM-01.12-4.7 kOhm-I 4.7 ‘aie i _ 
Me 0Zh0467 O003TU ae MLT-1.1.5 kOhm-I 1.5 oie... ; _— 
R2-9 0Zh0467 OO3TU uetstenes MLT-1-1 kOhm-I 1 kOhm es oe 
R2=10 0Zh0467 OO3TU uae MLT-1+43 kOhm-II-B 43 a a 
R2-12 0Zh0467 O003TU eee MLT-1+10 kOhm-II-B 10 aie i _~ 
R2-13 0Zh0467 O03TU hecenaees MLT-1-47 kOhm-II-B 47 wae d a 
R2-14 0Zh0467 003TU svigesace MLT-1-68 kOhm-II-B 68 afr ‘ - ; 
R2-15 0Zh0467 O003TU peta: MLT-1-220 Ohm-II 220 ae 4 a 
R2-16 OZh0467 003TU entace MLT-1-4.3 MOhm-II-B 4.3 ci, r —_ 
R2-17 O0Zh0467 003TU Pade MLT-4.3 MOhm-II-B 4.3 MOhm i a 
ae a ae 
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Nomenclature of Elements 








| VUAIMVIVI 








os State National Basic 

Pos™™” Standard, VTU Data 

Design. Normal Drawing a Rated No___— Note 
R2-18 0Zh0467 003TU Resistance MLT-1-4.3-II-B 4.3 MOhm 1 

R2-19 OZh0467 O0O3TU Resistance MLT-1-4,3-II-B 4.3 MOhm L 

R2-20 0Zh0467 0O3TU Resistance MLT-1-2-kOhm-II 2 kOhm 1 

R2-21 OZh0467 OO3TU Resistance PEV-10-3-kOhm-II 3 kOhm 1 

R2-22 0Zh0467 003TU Resistance MLT-2-1MOhm-II-B 1; MOhm i 

R2-23 0Zh0467 O0O3TU Resistance MLT-2-1MOhm-II-B 1 MOhm 1 

R2-24 0Zh0467 O003TU Resistance MLT-2-1MOhm-II-B 1 MOhm 1 

R2-96 0Zh0467 003TU Resistance MLT-2-100 Ohm 100 Ohm 1 

R2-28 OZhO0467 OO3TU Resistance MLT-1l-1kOhm-II 1 kOhm i 

R2-29 0Zh0467 003TU Resistance MLT-0.5-100kO0hm-I 100 kOhm 1 

R2-31 OZh0467 OO3TU Resistance MLT2-240kOhm-II-B 240 kChm 1 

R2-32 OZh0467 003TU Resistance MLT-05-2.7 kOhm-II 2.7 kOhm 1 

R2-33 0Zh0467 003TU Resistance MLT-2-12-kOhm-II-B 12 kOhm i 

R2-34 OZhO0467 O003TU Resistance MLT-0.5-100 Ohm-I 100 Ohm l 

es - 247 - 
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50X1-HUM 
ww | Nomenclature of Elements ae arene 
“State National | Basic | 
Pos. ‘Standard, VTU | Data ' 
Design ,Normal Drawing| Name and Type ‘Rated _No.| Note ? 





1 


Resistance MLT-2-1.2MOhm-II-B ,1.2 MOhm 
RI-36 _|OZHO 467 OOSTU Resistance MLT-I-4.3MOhn-11-B 4.3 WOhm I 






Resistance MLT-1-4, 3MOhm-I1-B |4.3 MOhm | 1 


OZhO 467 003TU. : 
i i i i 
(OZhO 467 003TU Resistance MLT-1-100kOhm-II-B |100kOhm 1 | 






OZhO 467 003TU! Resistance MLT-1-8200k0hm-I1-4 












OZhO 467 003TU| 
i 


OZhO 467 OO3TU 


OZhO 467 O03TU 


OZhO 467 003TU | 














OZhO 467 003TU! 





j 
OZhO 467 O03TU! 


R2-48 |OZhO 467 003TU | 
OZhO 467 003TU 


OZhO 467 003TU 






OZhO 467 003TU 


R2-52 jOZhO 467 OO3TU 

| ; i —— 
R2-53 ,OZhO 467 OO3TU, Resistance MLT-0.5-1MOhm-I1-B |1MOhm | 1 
| | : | | 
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cement oe nen 


$-E-C-R-E-T 
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50X1-HUM 


EL 


Nomenclature of Elements 


Name and Type 







R2=5)| OZhO },67 OO3TU Resistance MLT-0,5-1,5=k0hm-II 


R254 OZhO 1,67 003TU Resistance MLT<0,5=2,};~kOhm-II 


R2-54 OZhO ),67 OO3TU Resistance MLT-0,5-2,2-k0hm-II 


R2=57| @ZhO ),67 003TU Resistance MLT-0,5-12-k0hm-II-B 


ae res 


R2=5§ OZhO 4,67 OO3TU Resistance MLT-0,5-12-k0hm-I1I-B 


R2=-59 OZhO 1,67 OO3TU Resistance MLT-0,5-100-k0Ohm-II-B 


od 


60 OZhO 67 OO3TU Resistance MLT-0,5-100-k0hm-II-B 100 kOhm | 1 


ee 


R2=61| OZhO 67 003TU | Resistance MLT-0,5-100-k0hm-II-B | 100 kOhm | 1 | 





R2=-62| OZhO 1,67 003TU Resistance MLT-0,5-15-kOhm-I1-B 15 kOhm = 1 


— 


R2=63| OZhO 1,67 003TU Resistance MLT-0,5-15-kOhm-II-B 15 kObm 


R2~6),;| OZhO 67 OO3TU Resistance MLT-0, 5=l)70-kOhm-II-B 4,70 kOhn | z 


OZhO 1,67 OO3TU Resistance MET-0,5-12-k0hm-II-B 12 kOem | 1 
R266 OZhO 1,67 OO3TU Resistance MLT-0,5-39-k0Ohm-II=-B 39 kObm 1 
OZhO ),67 003TU Resistance MLT-~0,5-100-k0hm-II-B 100 kOhm 1 


R2=-68| OZhO },67 OO3TU Resistance MLT-0,5-100-kOhm-II-B O00 kOhm 


| 
| 
| 


- 


| 
| 
esi 


{ 
1 
ae a 
i 


| | 


! 
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50X1-HUM 





ee ee 


pos, | State National 
desig, Standard, VTU, 
| Normal Drawing 


Name and Type 


R2-69| OZhO 467 003TU 


re 


R2<70) OZhO 67 O03TU 


Seal 


R2-7 | h7h 685 087 Resistance LLZ-)3-20-kOhm~II 


g 


R2-72 OZhO },67 003TU 


— 


R2=78 OZhO 167 OO3TU 


mo 


R2=7}, OZhO 67 003TU 


R2-75] OZhO 1,67 O03TU 


R2—76 OZhO 67 O03TU Resistance MLT-0,5-3-k0hmeII 


R2=77| OZhO 67 OO3TU 
R2-78 


0ZhO 1,68 00)fy 


men 


Capaditor-K0-1-SK=1000 


UBO 1,60 015 TU 


& 


O 60 002 TU Capacitor KD3-10-1000 


AD te 


Capacitor Kp3-10-1000 


8 | E 
8 
e 


2-3] UBO 1,60 002 TU 


Capacitor Kp3-1a-1000 


UBO ),60 002 TU 








eo 


= 250 - 





Nomenclature of Elements 


Resistance MLT#0,5-100-kOhm-II-H 100 kOhm | 


Resistance MLT-0,5«2)-kOhm-I1-B |. 2) kOhm | 1 | 
i : 


Resistance yiT-0,5-36«kOim-II-B | 36 kOhm 


Resistance MLT.0,3-33-k0hm-I:-B 133 konm | 


Resistance MLT-0,5220-k0hm-I° -B | 220 ohm 1] 


Resistance MLT-0,5=);70-kObm-I=-B 


Resistance MLT<-0,5=560-k0hm-I 


Resistance SL-II-2a0330-kOhm-II| 330 kOhm 


asic Date 
Rated 


| ; 
i 


pees 
qi 
i 


20 kOhm 


i 
ONS iG tee 


r 
Pm 


70 kOhm | 1 











_ Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : 


1000 pf j 1 
1000 p¢ | 1 
ed 
50X1-HUM 


CIA-RDP78-03066R000300170001-9 


Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 














50X1-HUM 
ww Nomenclature of Elements _ eas ays : x 
pos.| State National | Basic 1 ; 
desip.Standard, VIU Name and Type Data rated No, Note chan, 
Normal Drawing 
ae eae Rife Noh eiabaa cate, alice 
Ces, UBO 60 O,7TU | Capacitor KTK-a-N=33"10 Z 35 33 pf 1 
C26 | UBO 60 00 TU | Capacitor KDS-la-1000 1000 pfs 
C2~7 | UBO 60 OO2TU | Capacitor KDS~la-1000 1000 pf 1 
C2=9 | UBO 60 OLSTU | Capacitor K0.1-M-1000 1000 pf il 
C210] UBO 60 OLSTU Capacitor KO-1-N-1000 1000 pf il 
\C2=11} UBO 60 OlSTU | Capacitor KO-1-N-1000 1000 pf - 21 
eee ee coal 
C212] UBO 60 O1TU | Capacitor KTK-0-D=100 410% «35 100 pf re | 
C213] 0ZhO 52 O1LTU | Capacitor BGM-2-),00-0,05-II 0.05 pf ol, | 
C2—1)| OZKO 52 O1ITU | Capacitor BGM-2-),00-0,02-II O.ol pf 1. | 
eases acts witha AN ats ce taal 
teresher 
C2=15} OZhO 62 022-TU} Capacitor MBGP~2-400-8-a1~II Qual 1 re 
ae seated a ch LL ee 
C2=16] 0ZhO 1,61 OLSTU | Capacitor K30-8-2500-6-2000-II 2000 pf =a | 
3 i 
C2=17|02hO 462 O11TU | Capacitor BOM-2-1,00-0,01-II 0.0L uf 4 
lc2-18| 0zhO 462 Co9TU | Capacitor MBGT-1000-0,5=I1 sue fli 
= eat Swe Ny Bids) 
r Wopester 
C2=19| OZhO 1,62 022TU | Capacitor MBGP-2«1,00-2-0,1-II 2-0,1 i 1 i with! | 
] , i C2213 - 
e full st eh Se eee iad 
a a ee 
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50X1-HUM 
—_ 

_Nomenclature of Elements _ s x 
pos, | State National | Basic No, ee ee ij 
desig.Standard, VTU Name and Type data t t i 

Normal Drawing rated ; 
poy 
OZhO 1,62 022TU | Capacitor MBGP-2=},00-2-0,1-II 2-0,1 ot vogether | 
| with 
hy : jU2—1Lt, t 
| a 
p22 OZhO 62 OLITU } Capacitor BGM~1-],00-0,05~II + 0,05 pe 5 ge. | | 
; i 
4 OZhO 462 O1ITU | Capacitor BGM-1-},00-0,05-II 0,05 pe | 1 
ps OZhO 62 OLITU | Capacitor BGM-1-00-0,0S-II 0.05 Pf 1 | 
co OZhO ),62 OOLTU] Capacitor BGM-1~},00-0,05~II 0,05 pr 1 | 
2-25 OZhO 1,62 O02TU) Capacitor KDS-la-1000-II 1000 pf | 1 | | 


6 07 Capacitor MBGP=2},00~2=0,25-II 


abe 


2-27| UBO 60 OlsTU | Capacitor KO-1-N-1000 1000 pf ial 


g 
= 
Co 
N 
8 
N 
Le | 
qj 
nN 
8 
- | 
_ 
Pee 
me's 
¥ 
4 


eee i. 


| 
UBO 60 OlsTU Capacitor KO-10-1000 1000 pf | 1 | 


Pe] ae 
a. 


yee ecg mere 
aa 

: 

i 


OZhO 52 OLITU] Capacitor BOM-1-100-920-I1 (1920 pr. 1 | 


C2=3D UBO 160 O002TU} Capacitor KDS-10-1000=II 1000 pf 


a 


C2=3 UBO 62 OOSTU | Capacitor MBGT-1000-0,25-i1 0.25 /f a | 


2~=18; UBO 62 OO9TU | Capacitor MBGT~1000-0, 5-II 0.5} 1} 


t 
i 
LN = 0 tripe Paleo eR — MR oe 
. 
t 
é 


on 252 = 
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trite i ere 


pos, 
design|Standard, VTQU, | 
Normal Drawing | 


State National | 


62-3); |OZhO 62 OLLTU | 


02-35 | UBO 1,60 029TU 


C2-36 | OZh}, 600 oe 


(2-37 | OZhl, 600 OO1TU 
¢2=38 | Ozh) 600 OOLTU. 


c2-39 | Ozh), 600 OOLTU | 
| i 


C2-},0] UBO 1,60 O29TU 
C2=);1 | OZhO },62011TU 
C2—)j2 | UBO 1,60 029TU 
C2=))3 | OZh 600 OOLTU 
C2=1)); | OZh), 600 OOLTU 


C215 | OZhy 600 OOLTU | 


C2-,6 | UBO 60 OLLTU | 





[C27 | UBO 60 OL1TU 


C2=);8 | OZhO 1,62 OLITU: 


50X1-HUM 


























Nomenclature of Elements... --- 
Basic 
Data 
Name and Type Rated No. {Note ch. 
Capacitor BOM-2-1,00-0,01-II O.0lpf 1 
: 

Capacitor K0-1-M-1000-IT Lo0opr 1 

Capacitor KDS~-la-1000 1000 pf 1 

Capacitor KDS-la-1000 1000 pf 1 

Capacitor KDS-La-1000 1000 pf 1 

Capacitor KDS-la-1000 1000 pf 1 

Capacitor KO-1-N-1000-IT 1000 pf 1 

Capacitor BGM-1-),00-0,01-11 0.01 rf 1 

Capacitor KD-1-N-1000-II 1000 pf . 1 

Capacitor KDS-1a-1000 1000 pf | 1 

Capacitor KDS-la-1000 1000 pf | 1 

Capacitor KDS-la-1000 1000 pf | 1 

Capacitor KTK-A-M-12«10% -3B 12 pf 1 
q oo rm 
| Capacitor KTK-A-M-3.9210% -39 {3.9 pf ; 1 
t : “ae 

Capacitor BGM=-1-),00-0.0l-i7  __ 0 Ol pf; seas ec 

~ 253 ~ 
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50X1-HUM 
| Nomenclature of Elements _. 
State National | basic Da 
08.6 Standard, VIU, | Data : 
as Name and Type Rated No, Note chy 
2a))9 - 1,60 OL1TU | Capacitor KTKA-K-L7410%-38 =|? pf 1 
: 7 aan 
C2-50 UBO 1,60 OLITU | Capacitor KTK-A-M-l,7240% -39 W? pf 
——+--—- -___1—— * i | emma a is arr 
C2=51 0ZhO 62 OLITU Capacitor BGM-2-1,00-0,01-II 0. ue 
| | edie 
(2-62 OZhO 462 OLITU Capacitor BGM-1-1,00-0,01-I1 O.0lye 1 
! ae 
C2=63 OZhO 62 O1ITU Capacitor BOM-2-1,00-0,01-11 O.0lpf 1 | 
C2-s), UBO 60 OITU Capacitor ETK-A-N-10#10% -38 | 10pfo 1 | , 
a i 
C2-55 OZhO 62 O11TU Capacitor BGM-2=-)00-0,01-II 0,01 -~ 2 
—_y i : : ee eee 
62-86 ‘OZhO 462 OLLTU ‘Capacitor BGM-2-),00-0,01-II : : 1 | | 
3 | Ay aed 
C267 | OZhO 1,62 oe2TU Capacitor MBT-1-200-2 05-11 ct ae : | 
eee ee i Smeg ng me 






C2=58 | UBO 60 O)1TU ‘Capacitor KIK-A-M-27210 $3B 


i 
i 
i 
! 





} 





C259 _ UBO 60 002TU 
i 


| Capacitor KDS-1a-1000-IIT 







eee 
t i 
2-60 UBO 60 002TU Capacitor KDS-la-1000-IIT 


| 2-61) UBO 1,60 O02TU Capacitor KDS-la-1000-II] 


(2-62 UBO 60 O02TU Capacitor KDS~1e61000-IIE 


$$ $$_______—- 


02-63 -UBO ),60 002TU Capacitor KDS-3a-6800~IIE 


— 











ae DiS eactee ith ets SS ee tg 
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50X1-HUM 
=_ ex 
Y _ Nomenclature of Elements eee tol Soessh oot 
pos.| State National | Basic 
desi,Standard, VTU, ' Data 
Normal Drawing Name_and | Rated __, No, jNote [ch,i 
{ : ‘ : 
“UBO 164, OOSTU |Capaciter or loosen 150 pe il | 
J UBO 160 002TU ae KDS-la-1000-II! 1000 pf 1 
aaa 
UBO 460 O02TU |Capacitor KDS~-la-1000-IT! 
8 Sete aba 
GYaCh 775 -002SP Coil, : | 
ae | : eee Lausiat 
| C2=7G OZhO 60 OLLTU] Capacitor BOM~1-1,00-0,05-IT | 0,05 pt a 
ya 
GUCh 777 OOLSP| Choke , coil filament, De? .y-5*10F 5 ph a 
| = | Sesh 
GUCh 777 OO3SP} Choke, RF-De0.15~20ph ; 20 ph 7 | | 
Sed 
F — : 7 i. ” & 
| GUCh 777 OO)SP| Choke , Coil filament,De2.)-5-10Z 5 yh re | | 
ca] GYaCh 777 O11SH Coil, Induction, 2.5ph*5% 2.5ph 2 | 
ana pane Nl 
eat | /GYaCh 777 013S¥ Coil, Induction, .1 pato.1 ph Iblpho ol | | 
28 |asou2asaaao0 Coil, Induction, 5 ph a ph 1 
29 AR-1~1-2-D-OB2I| Coil, Induction, 754ch 3 ph 1 : 
GUCh 777 OOLSP Choke D-0.1-h50 gh #5% sO eh 1 
i ected Sam 
| : 
[12-11] GUCh 777 OOLSP | Choke D-0,)=5-pch#5 % Sph 1 
a i . : ; es 
jBe-12) GUCh 777 01/8? | Choke D-0.1§-5.1 phts* | See oil. 
eat us nee eee ence LEC CALA 
_ - 255 = 
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50X1-HUM 
. ____ ___ Nemenclature of Elements 0 
i spa mabienel | — 
ease Sera Tiss Name amd Type Rated Note idk. | 
12+13 | GUCh 777 OOLSP!Choke D-0,15-$.1 Pats % Sol pho} oI | 
moassa tits 2 Sth ame 8 3608 





| 
we |L2+19| ARSO-2=52=000 | Choke gh taeer ie hh 0.6 ph 1 









on 

a 

119.20 | GYaCh 777 OLOSP Coil, Induction-1,.6 #h : i : 
12-21| GYaCh 777 OO9SP Coil, Induct,-2.8 +h 


12-22 |qUCh 777 003SP | Choke, BF-D-0,15-20 uh 120 yh ) 1 | 








12-23 |GYaCh 775 002SP Coil, Induct, re | 
‘Dr2-L|AR50-2-61-000 | Choke, Charging iS | | 
fn arnt 
12-25 |GUCh 777 OOLSP Choke D=0,15-39 Hato7 ero te 


? \ ° ft. | 
: | : aes 
bet 770 00))SF Transformer, RF 1 


| | 
tees be oes Se he Sythe WERE te. yah Sete Ee 
‘tr2-2}GYaCh sformer : : os 
we - 256 < 
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_ 
ee Nome ng lature of Elements ee eee - 
a. i "Basic: : 

‘Data | 
____ Name and Type : Rated Noy jBote <ty 
, a 
. a 
: 
SE aren eee a a anil 
GYaCh 720 O26SP Transformer, Impulse | 7 L : 
GYaCh 710 O683F) Transformer, Filament | i 2 : : 
i : ; 
Tr2-7|GYaCh 710 OOSP} Transformer, RF ! ee 2 
i : 
Tr2-8/GYaCh 770 013SP Transformer, RF 
Tr2=9; TU=9575 Transformer 
 _~ ‘ i | 
a. ? eee 
P Transformer, Anode Filament ae 
i 
| | So 
\C2-67 | OZhO h6=10=1 Capacitor KS0-8-2000-B-},300-I 
—}- 
} Capacitor KS0-8=-2000-B-),300-I = 4300 pf | 1 
(C2~69| OZhO 46-10-),5TU Capacitor KSO-8-2000-B-1,300-I tp pf | 1 | - 
| i i 
rr 
| 
C278) OZhO ),6-10-15TU Capacitor KS0-8-2000-B-},300-I 4300 pf jl; 
{ 
BS ae eh I ee es ON pre rt gee ny 
LF2=1 AR50-2-69-000 | Pulse Shaping Line 7k -_ 
pablo mses Heater of Discharging tube 1 
: } 
] 7 faa vee 
ae 1RM2-21-000 | Thermostat 1 
~ - 257 - 
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50X1-HUM 


: 















1 |ChTU 01-318-56 | Tube 6Zh:28 


L2~ 
12-2 |ChTU 01-318=56 | Tube 62h1 B 


L2-3 |CATU 01-105-55 


Tube 6N1P 


aa a. SR, ——: 


aa dou ties TKh-2 
esha TOY-1-35/3 
ra 
p> far 

Gas au cuiigs TKh-2 





Spark Discharger Rel 






Magnetron MI-158 





L2=11] Yal9332-032TU | Clystron K-27 


L2-12|YaIg332 002TUJ Discharger Rf&-21 


_ = 258 - 


Lert 
Diva d 


OKB p/Ya 17); 





ae ee ee Seen 





2 Saat 
te 
* 


| 


pve wnetanrtstn the saree sntconstmeermths orenentneneemcn nena ee Sitios 
, * ‘ 
' 5 } ‘ 
«eet meee memento 


| 
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_ Nomenclature of Elements __ 


| {State National : — ‘Basic oe 
pos, |Standard, VTU, . Data tS 
des, |Normal Drawing | Name and Type ‘Rated No. | Note £4. 


ChTU-12~102-53 | Discharger RR-50 


3 i 








01317-S7TU Tube 68 78 1 
ChTU-01-103-55 | Tube 6Zh 1p : L 
2~18 | ChTU-01-103-55 | Tube 6Zh1p 1 


2-20 TS3-301-O00TU {| Tube @I3P 


| 

-19 | ChTU-01-108-55 | Tube 6Kh2pP ft 1 

~~ emmmmmencaegames ne. et 
| 

































pa ChTU=01-105-55 | Tube 6N2P | 1 : 
a as i ae ai 
tue: Sa 
F2=1 |GUZ 50 OLOSP . Plug-and-Socket, RF, VR=-10 on 
7 as eae ~ 
F2-2 | GYaZ 5,0 018 Plug-and-Socket, Transition 1} | 
7 } de 
< ! 
F2=3 |GUZ 5\0 OO8SP Plug-and-Socket, RF 7 La ! 
; Se en ce aa CP el Seer eee ee oa Ss feeds 
| 
F2=), | GUZ 50 OO8SP | Plug-and-Socket, HF : 1 
GUZ $0 OLOSP : Plug-and-Secket, RF, VR-8 1 
me ah a a a eat 
-6 | GUZ 50 OLOSP Plug-and-Socket, RF, VR-8 | 1 
| : i See, eee eet tees 
= os 259 Pe 
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50X1-HUM 
_— 2 rae SS 

pk pe. Nomenclature of Elements 
State National Basic 
pos, |Standard, VTU, pata : 
| des, |Normal Drawing es Name_and type —_____faied ted Now Gr, 
F2=7} GYazZ 54,0 020 Plug-and-Socket, RF, 1 2 | 
I 
Pe a pate ES eee ae ee ae ae 

KT2-1 TU-.11261 Control Point 4 
a 

KT2<-? TU-111 61 Control Point a 
| eS 

KT2<% TU-1 12 62 Control Point | 1 
Sh2-} AR18-2-7sb05 Plug, 5=Pin Plug i 

ww |ShH2-4 ARL8-2~78b03 Receptacle, SeJack Receptacle | | 1 
Sh2-7 VLO-36-o06Tu | Plug RGChOPL7NSH1 | 1 : 
Sh2-I| GYaZ 695 OO1SP | Plug 11-Pins Plug la , 

GYaZ 695 OO1SP i Receptacle » ll=-Jack Receptacle | 1 
2-1 |WR2-602-001SP° Switah :y a 
} sa eee ee 
a U=0)j-110-57 [Crystal Detector DGSLN i 1 
: 
en tintin eee EEE eee t aera een 
D TU=0)-110-57 | Crystal Detector DGS-N 1 
| 
| as 
2-3 (-pTU=0)-110-57 | crystal Detector DGS-V | rE 
D2-h fTU-0-110-57 | Crystal Detector DGS-V | 2 
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) dl 


4 
i 


POS» Standard, VTU, 
DS sig e p 
Ba Na eae 
aera 0Zh0-~),67 -003TU 


R=3. wl 


R=3=2 


R-3-3 


R=3-h 


R=365 


R-3=6 


R-3=7 


R=3=8 


R-3=9 


R=3-10 | 


R=3=12 


R=3-13 


ReZ-Lh 


List of Elements 
State National | 


3 
! 
p 
z 
a 


_._Name and Type 
3 


Resistor, MLT-0.5-150 Ohm-I 


cone 


0Zh0=),67-003TU | Resistor, MLT=0,5-150 Ohn-I 


0Zh0=,67-003TU | Resistor, MLT-0,5-220 Ohm-I 


OZh0~),67=003TU | Resistor, MLT-0,5-3,9kOhm-I 


OZh0-),67-003TU | Resistor, MLT-0,5-3.3kO0hm-1 


OZhO-),67-003TU | Resistor, MLT=0,5=220 Ohm-I 


OZh0-};67-003TU | Resistor, 


OZh0-},67-003TU | Resistor, 


MLT-0.5-5.1k0hm-I 


MLT-0.5=3.9kOhm-I 


OZh0-),67-003TU | Resistor, MLT-0.5-10 kOhm-I 


0Zh0-1,67-003TU | Resistor, MLT<0.5-220 Ohm-I 


OZhO~),67-003TU| Resistor, MLT-0,5-5.1k0hm-I 


tment: 


OZhO-1,67-003TU| Resistor MLT-0,5-10 kOhm-I 


O0Zh0-},67-003TU| Resistor, MET~0.5=%. 9kOhm-I 


R-3=15 | OZhO~),67-003TU| Resistor, MLT-0,5<220 Ohm-I 
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ae 
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Nn 
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SG lkOhm: 1 


\3,9%kOhm! 1 
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50X1-HUM 
~~ 

List of Elements Fe pee ahh 

State National Basic 1 

POS, (Standard, VTU, jData | | 
Desig. (Normal Drawi Name and Type | Rated Nos _ Note | vad 

| Se eee 

ee ee es pe ee Sa ees 
R=3-17 | OZhO-467-003TU Resistor, MLT-0,5=3,9kOhm-I | 3.9k0bm 1 ! 
— SE ma 9 — 
Re3-18 | OZh0-1,67-003TU Resistor, MLT-0.5-5,1k0hm-I | 5.1kGhm 1) 

: | 

R-3-19 | OZh0-467-003TU Resistor, MLT-0,5-220 Ohm-I 220 Chm 1 | 

| | m o 

Ra3-20 | OZhO-)67-003TU Resistor, MLT-0,5-5,1k0hm-I 5,1 kOhm 1 | | 

: SSE 

ReSe22  OZhO-467=003TU Resistor, MLT-0,5-12k0hm-I 12 kOhm 1 | 
Re3-23 OZhO-1,67-003TU Resistor, MET<-1-9.1 kOhm-I «9.1 kOhm 1 
~ + . St 
Re3=25  OZh0-1)67-003TU Resistor, MLT-0,5-3.3kOhm-I | 3.3kObm 1 
Ra3=26 | OZhO-),67-003TU Resistor, MLT-0,5-22k0hm-I 22 kOhm 1 | 

| l 

R327 | OZhO-467-003TU Resistor, MLT-0,5-680 Ohm-I 680 Ohm a 
Re3-28 | OZhO-h67-003TU Resistor, MLT-1-1.6 Obn-I 146 Ohm 1 
See asl 
R=3=29 Ozn0-467=-00300 Resistor, MLT-0,5-130k0hm-I  1,30kOhm ‘1 

22 $$$ $$$ 

Resistor, MLT-2-220 Ohm-I 220 Ohm ‘1 

~ aaa 

Resistor, MLT-0,5-680 Ohm-I 680 Ohm ‘1 | 

a sc es nd 

ol face ooo | 

Resistor, MLT=-0,5-220 Ohm-I 220 Ohm ‘1 

ene ete pes ee 

2 Resistor, MLT#l-2:%0hm-II  (2MOhm 1 | 

*“O.* Det a 262 = ee = 
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me 



































ow’ 
“State National 
Pos, Standard, VTU, 
Normal Drawing 
OZhO~),67-003TU Resistor, 
Resistor, 
Resistor, 
+ 
~ OZh0-),67-~003TU Resistor, 
OZh0=};67=-003TU Resistor, 
OZhO~),67-003TU Resistor, 
(OZhO=},67 -OO3TU Resistor, 
pats, ano-uer-cos Resistor, 
RaW ZhO-1,67-003TU Resistor, 
BSL? tho-\r-comy Resistor, 
OZhO~),67=003TU Resistor, 
R=3<))9 |OZhO~),67-003TU Resistor, 
=. 


SECRET 





List of Elements 


Name and Type 


Resistor, MLT-l<10kOhm-II 


MLT-1-15 MOhm=II 


MLT-1-5,1MOhm-II 





MLT~1-910kOhm-II 


MLT~1-20kO0hm-I1 


MLT-1-100kOhm-II 


MLT<$1-62k0hm-II 


MLT-11-6, 8kOhm-II 


MLT-1-1,30 Ohm-II 


MLT~1~510k0Ohm-II 


MLT=1-330k0hm-II 


MLT-1~200k0hm=I1 


ON LN Nace a oe i 


- 263 « 





5 


Basic TT 
Data | 
Rated No.| Note OF * 
cee 

LOkOhm = 1 | 
62k0hm 1 | 

: 
33kc0hm 1 | , 


“ame ata: 


| i 
15 MOhm 2 | | 
'5.1MOhm 1 fo 


[L2MOhm 1! 


910kOhm 1: 


20k0hm , 1, 


100kChm 1 | 


62k0hm | 1: 


6.8k0hn | 1 
430 Ohm} 20 


me neenge Se lea 
5 3 


5LOkOhm | 1 


ee feo 
' 1 


330k0hm | 2” , 
200k Ohm 3 
| 
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. A 
List of Elements 
: State Nationa Basic ' obi 
Pos, Standard, VTU, Data 
\Desig. | Normal Drawing Name and Type Rated fio, Note; Ch, 
OZh0=},67=2003TU |Resistor, MLT~-1-68k0hm-I 1; 
R-3—51 | OZh0—))67 -003TU Resistor, MLT=1-680k0hm-I | 680Konm 1 
JRe3=52 | OZhO-),67-003TU | Resistor, MLT-1-330kOhm-II | 330kOnm/1 . 7 
i | od : oe 
Ra3=53 | OZhO-1,68-O0BTU | Resistor, SW-1-2a-1,2A-13  {1,2kOhm/1_ 
[R-3-5), | OZhO~1,67-003TU lies MLT-O, Sl. SkOhm-I som  & 
|R-3=55 | OZhO-),67~003TU Soares MLT-1-470-k0hm-IT 1 
iS eee. 
Re3=56 | VP=675=00)SN Resistor, PT<0,5-8,2 kOhmtl%} 8,2kOhn 1 
e357 | | VP4=675-00L98 eer PP=0.5=3.3 kOhmtl | 3,3k0mq] 2 | 
no meson 3=58 | | VPL-675=00158 Resistor, PT<0,5-2 kOhm?1 % 2kOhm . 
‘ : - . 
Red 3=09 | VPh-675-00);SN Resistor, P2-0.c-1 kOhmtl% | 10hm fh | 
i z 
co NGKh)\-685-018SP Resistor, ‘PP3 .[I-20kChm-il i20kOnm 2. | 
\—_ + OO 
i i See ne We ee ee 
R-3-65 ‘NoKh)~688-0185M hesiaten; PP3<II-10ekOhm=I }10kOhm 2. . 
; $$ ___—_+- pomp 
| BH3-66 ‘VPu=675-0018P Resistor, PT-0,5-6.8k0hmt1% |6,8k0hm 1 
| 
' Re3=67 0Z80~),67-003TU «Resistor, MLT<-1-15 kOhm-I las kOhm 2 
fa oe 
wer | Re3-68 0Zh0-1,67-003TU Resistor, MLT-le2,), kOhm-IT 2.) kOhm 1 


meee as 








= 26) « seis ~-50X1-HUM 


Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 








Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 



















































































~ 50X1-HUM 
erie Xa stas3 
___ list of Elements es a 
State National Basic 
Pos, Standard, VTU, Data 
Desig. Normal Drawing _.._Name and Type Rated No. Note Ch. 
Re3<69 OZh0-),67 -003TU Resistor, MLT=2=);,3 kOhm-l 1,3 kOhm 1 
Re3-70 OZh0=1;67—-CO3TU Resistor, MLT=1-560 kOhm-I 560 kOhm 1 
Re3<72 GYale675-009 Resistor, PT=I=P=82 kOhm-0.5% 82kQtm = 
R-3=73 GYalj-675-009 Resistor, PT-IM-82 kOhm20,9% 82 kOhm 1 
R=3=7), OZhO~];87-003TU Resistor, MLT-T-680 kOhm-II 680 kOhm 1 
R=3=75 VP))-675=-00),SP " MLT--1-30 kOhm1% 30 kOhm 1 
~~ R-3=76 0Zh0=);67-003TU 7 MLT=J-lL0 kOhm-II 10 kOhm 1 
R-3=77 # ” MLT-l-2); kOhm-II 2) kOhm 31 
R-3=78 n n MLT=-I-10 kOhn-II 10 kOim = 
R-3<79 " i" MLTeIe2.); kKOhmeII 2.1; kObm 1 
R=3=80 n " MLT-1-3 kOhm -II 39 kOrm = 1 
R-3-81 tt n MLT=@J-100 kOhm-II 100 kOhm 1 
R-3=82 n MLT-I-100 kOhm-II 100 kQhm 1 
R-3-83 " MLT-I-68 kOhm-II 68 kOhm 1 
R=3=85 " n MLT-[-100 kOhm-II 100 kOhm 1 
SETHE 
50X1-HUM 





Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 





Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 

















50X1-HUM 
sda Lie te 
. . ...._ list of Elements 
State National asic a 

Pos, Standard, VTU, Data 

Desig, Normal Drawing Name and Type Rated Ne. Nete Ch. 

R=3-86 OZhO~),67-003TU Resistor, MLT-I-100 kOhm-II 100 kOhm 1 

R=3-87 . MLT-I-68 kOhm-II 68 kOhm i 

R=3=88 . MLT-0,5+1,.2 kOhm-II 1,2k0hm 1 

R=3=89 a MLT=1-5.1 kOhm-II 5,1 kOhm 1 

R=3=90 n MLT=-I-),30 kOhm-II 430 kOhm 1 

R=3=91 . MLT-2-20 kOhm-II 20 kOhm 1 

R=3=92 . MLT=~I-+3.0 kOhm-II 3.0 kOhm 1 
~~ LOA a rare, 26 ae. ee we 

R=3=93 . MLT=$I-510 kOhm-II 510 kOhm 1 

R=3=9); a . MLT-I-3,0 kOhm-II 3 kOhm 1 

R=-3=95 " * MLET-I-2,.0 kOhm-II 2 kOhm 1 

R-3=97 a . MLT=2-100 kOhm-II 100 kOhm 1 

R=3=98 , : MLT-I-+220 kOhm-II 220 kOhm 1 

R=3-99 . ? MLT=I-510 kOhm-II 510 kOhm 1 

R=3=-100 " " MLT=$2-22 kOhm-II 22 kOhm 1 

R-3-101 . . MLT-I-100 kOhm-II 100 kOhm 1 
ed ~ 266 - 
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List of Elements 


Fos. State National Be ea aes. pe ee ee et ee Rae 
















































































Big, somal Dowaeg, ee Rated Wo, Note Ch. 
R=3-102 OZhO-)67-003T0 Resistor, MLT=-I-200 kOhm-II 200 komm 1 
aster : - MLT-1-100 kOhm-IT 100 kha 
eee eee a 
R-3-10, Stee ae 
ee 
R-3-105 n " = MifeT~2,0 kOhmeII 1.0 kOnm 1 
R-3=106 : - MLT-I-820 kObm-II 820 a _ — 
Be ee 
eee : "  MLT-I=68 kOhm-II 68 kOhn 1 
Fee ee ea 
ee. "  MLT=1-100 kOhm-II 100 kOhm 1 
ca “a Meet 39 kom 1 
eer 
R-3=110 t , GP aaiiae se ae 4 
Sia sy = 
R=3-111 " "  MET.0,5=12 kOhm-II 12 kOhm 1 
Ra3~112 ” “7 MLT-I-510 kOhm-II 0 hee ere 
RA3AM13 NORnNS8S-008SP | PP3=11~20 kOhm-II oie 4 —_ 
R-3-11), 0Zh0-67~003TU : i ptr kOhm=I 1.1 a a ~~ 
R115 ie ahaa kinci 300 
oe " ae MLT-1-2.0 kOhaeII 2,0 kom 1 
ee —— ~ 267 - ee eee 
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50X1-HUM 
- | a 
_.__ List of Elements 
= = EDA NAULGURL = oo. eee a «sen ree eg eer ara 
Pos, Standard, VTU, Data 
Desig. Normal Drawing same _and Type Rated No Note Gh. 
R=3-118 OZh0-67-003TU Resistor, MLT=I-1,0 MOhm-II 1,0 MOhm 1 
R=3~119 ‘ Resistor, MLT-I-150 kOhn-I 150 kOhm 1 
R-3=123 & ms MLT~-I-1,0 MOhm-II 1.0 MOhm 1 
R-3=12); as e MLT-I[-300 kOhm-I 300 kOhm 1 
Re3Ja125 " MLT=#I-27 kOhm-I 27 kOhm 1 
R=3-126 " m MLT-I-560 kOhm-I 560 kOhm 1 
_ 
R-3=127 " " MLT-I-200 kOhm-I 200 kOhm 1 
R=3=128 a MLT-I=200 kOhm-I 200 kOhm 1 
R=3-129 a " MLT-I-6,8 kOhm-I 6.8 kOhm 1 
R=-3-131 % m MLT-I-100 Ohm-II 100 Ohm 1 
R—3=-133 ” . MLT<0,S=))7 kOhm-II 4? kOhm = 
R=-3=13); * " MLT+I-51 kOhm-il 51 kOhm 1 
R~3-137 ' e MLT-I-82 kOhm-II 82 kOhm 1 
R=3~138 ” " MLT-I-6,8 kOhm-II 6.8 kOhm 1 
— - 268 = 
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List of Elements 


State National 


































































































Pos, Standard, VTU, paste 
Desige Normal Drawing Name and Type Rated No, Mote th, 
R=3=139 OZhO-)67-003TU Resistor, MLT~I-150 Ohm-II 150 Om 1 
fee : " = METsI~68 kOhm-II 68 ie - a = 
Re3-1l 8 (ao Memes Gee 
ae : 4 MLT-I-510 kOhm-ZI 510 kOhm ‘_ 
C3-5 — TU~I-0Zh0-)60-001 Capacitor KDO=la-1000 1000 pf 4 _ 
eo : a Seen ae e 2. 
we 03-20 TU=I-0Zh0~),60-001 - A KDS-1a-1000 . . . 
03-3 " — : anata 
C3-) t sa ; ee 
C3=7 t a . aa Soe 
C36 TUeT0znO-460-001 "= KO-taH1000-I1 _  . 
a . “Se meas a 
C3=9 " 7 ‘ ; = ites, wes 
Sere " “ gBetaea000 -  “ 
C3-11 tt er : j aan ene 
= = ed 
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List of ements 
































State National 
Pos, Standard, VTU, ee 
Pesiz. Normal Drawing Name and Type Rated No, Nete, ©-. 
oF 
C3-12 = Tu-I-0Z7h0-460-001 Capacitor, KDS.1a-1000 1000 pf 1 
ee 
C3=-13 UBO-462.017TU s BGI-T-1-680-V 680 pf 1 
CSRS Sa SRSA GSNiSSEhs_spepuhittit pe suupe-wansans en. ‘entation 6 
C3-14  TU-I-0Zh0-460-00 . KDS-1a-1000 1000 pf 1 
a By 
C3-15 it i tt " 1 
-_— OO 
C3~16 t " i n 1 
Fae te LONE a 
a 
C3-17 =9UB0~462-017TU " " . 1 
a ee 
C3418 TU-I~0Zh0-460-001 . . _ 1 
esr dnt es 
C3=19 TU-I-02Zh0-460-001 " a 7 2 
Se 
C3=20 tt " n n 1 
_—_ 
C3-21 n n " a 1 
_—— eee 
C3422 TU-I-0Zh0-460-001 " . " i 
nee enn ——ame + 
3-23 =0Zh0460-014TU " KTK-lm-5 pf-I 5 pf 1 Select 
25 be wad 
C3224  TU-I~0Zh0-460-001 " KO#1k-22 pf-II 22 pf 1 
3-25 TU-I-07h0-460-001 , KDS-la-1000 1000 pf ol 
C3=27 OZh0-460-014TU . KTK-1m-27 pf 27 pf 1 
50X1-HUM 
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50X1-HUM 
List of Elements 
Pos, State National Basic oe 
Pos, Standard, VTU, Data 


Desig. Normal Drawing —__Name_and Type Rated No, Note Cr 


3-28 = OZh0-462-O11TU Capacitor ,BGM-2~#00-0,01 mf 0.02 pf 2 
rc 





A TR on 





ee Sinenyespounyneehstprunnenepetamsanereenyemeamanenoen 
C3.m30 " " n " 3 


Se rrr reste 


03-31 TU-I-0Zh0-460~001 " Kh0~1-T~1000~II 1000 pf 1 
se 








$A ART rsamntie nd, 





























C3=-32 OZhO462-011TU " BGM-2-400-0,01-II 0.01 pf 1 

OO 

C3-33 0Zh0-462-022TU " MBGP.2-200-2)0.5-II 0.5 pf 1 together 

ee nnn th Che ? 
— 3-34 = OZh0462-011TU n BM-240029,01-II 0.01 pf 1 

a a mt 

C3=3 5 ft fn n " y 

aS ae ot 

C3-36 nt n " ft * 

gS a 

C3-37 0Zh0-462-022TU " MBGP2-200-2x0.5=II 0.5 PRE > toge ther 

C3-38 0ZhO462-011TU i BGM-2-400-0.01-II 0.01 peo 

Sa oe 

C3=39 0Zh0-462-022TU " MBGP2-400e2 0.1-IT 0.1 jE 1 together 

C364 

C3-40  0Zh0-462-011TU n BGM-2-400-0,01mf 0.02 pe > 

Se ao er et 

C3n4] " " BGOM-2-400~0,05-II 0.05 pe i 

a ae 

C3 wf 2 " ft n tt a 





a TO 
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te eae 
Desig, Normal Drawing Name and eta Noe Nete in. 
C343 0Zh0462-011TU Cupacitor, BGM-2-400-0,05-IT 0.05 mf i _ 
a ee ee 
C3 Hy ° 5 BGM-2~400-0.01-II 0.01 mf 1 
ne 
C3645 ” n " ” 1 _ 
a 
CBG " " A fn is — 
Sr re a a 
C37 0Zh0-460-014TU " RTK-2a-1-330-II 330 pf a 7 
TT a 
C3=49 e ¥ KTK-3m-150-1 150 mf 1 
ra 
C3~50 0Zh0462-022TU " ‘$MBGP-2-400-2K%0.1 0.1 mf : i 
snare 
C3251 UPO4E4—-005TU , ES-2-500-§80-Ts-I 68- pf 2 
Os 
C3~52 0Zh0-462.~022TU 7 MBGP-2-400-2 0.1-II 0.1 mf i togethe 
ttc 
C353 UPO-464-005TU ” K5-1-500-0-100-II 100 pf 3 
Te a a a 
C354 0Zh0-462-011TU q BGM-2-400-0,01-II 0.01 mf 21 
03-55 . , BOM~2-400~1500-II 1500 pf 1 
tr 
C3-56 . " BOM-2-400-0.01-II 0.01 mf 1 
a 
C3 —57 UPO464-005TU : KS-1-500-0-200-I 200 pf 1 
Sc ene 
C3~58 UBO-460-016TU ® KTN-1-D-100-II 100 pf i ~~ 
eS 
Mie 50X1-HUM 
ee 50X1-HUM ! 
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a 
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C3-74 = OZhO-4E2~022TU Capacitor, MBGP-2-200-2 0.5-II 0.5 Pp 1 
C3-75  0Zh0-462-011TU n BOM-2-400--0.05-II ies ed a 
a ah soe ee 
C3=76 " " " " 1 
C3=-77 = UPO-4#64~005TU " KS-1-500-0-100-II 100 pf a | 
C3-83 OZhO~462-022TU - " MBGP~2-200-1-IT 2 eo “+. 
C3-85  02h0-462-011TU " BGM-2-400-0,05-II 0.05 me — 
ee ee 
C3-87  02h0-462-022TU " MBGP-2--200-2X%0.05-II 0.05 gE 1 _ 
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Desig. Normal Drawing Name and Type Rated No, Kote “s, 
L-3~7 GI4.777-003SP Filament, H-F-DO1520 mh 20 mh 1 
L-3-8 " " n n 1 
I~3-9 n " n " 1 
L-3-10 n ft ‘iJ u 7. 
13-1 ChTU-0110-355 Radio Tube 6Zh1P 1 
13-2 " n " 
13-3 CHTU0~110-455 " 6Zh2P " 
7 Soe i ae aa tag Cam 
13 af h n t 
13-5 CKTUO-110-355 . 1Zh1P * 
13-6 ChTUC~110-355 " 6Zh2P " 
13-7 TS3~301-000fU " 62Zh3P " 
13-8 TS3=301-000TU " " 
13-9 ChTU01-104-55 . 6Zh2P " 
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13-17 ChTU0144055 " 6Zh5P 8 
13-18 . 7 n 
_w 
repeats eben ern pe Hames 
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Pos, Standard, VTU, Data 
Desig. Normal Drawing = Name and Type Rated No, Not= “n. 
13-28 €TU0131556 Radto Tube 6D6A 1 
Tr=3-1 GYa4t770013SP Transformer, H.F. . 
Tr-3-2 " " “ 
Tr-3-2 " " * 
Tr=3=3 s - . 
Tr-3-4 u" tt " 
Tr-3=5 n " it 
Tr-3-6 GYat—710-025SP Filament Transformer " 
Tr-3-7  GYa4~720-006SP Pulse Transformer tt 
Za3a1 AR50-2-54-000 Filtering Cell . 
™ Za 3~2 " "" rt 
Z=3=5 . " " 
133-1 GYa2-066-0125SP Line of Delay 0.4 pee n 
Sh3-1 AR50-032-012SP Intra-cell disconnector 
Sh3-2 VNO364-0064TU Plug R48PK28EN1 Y 
Sh3-3 m Socket R32PK28EN1 . 
R3=-1 Relay RMUG RS4.523419D1 RSO4520P2TU : 
R3=2 th " 
R3=3 : 
R3—4 1RM-3-2 sb02 Coaxial Cable Socket " 
R3-5 n " " 
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State National at of Heents Basic —s—“Cts—SSCS 

Pos, Standard, VTU, Data 
Desig. Normal Drawing. = Name and Type Rated ——sNo, Note (9. 

i 2 le ee ee et eo ee, 
BA-1  02h0-467-011TU Resistor, PEV-10-10 kOhm#10% 10 kOhm 1 
"R4—e2 02h0-467-003TU " MLT-2-39 kOhm-P-V 39 kOhm 1 

R43  0Zh0-467-003TU " MLT-1-39 kOhm-P-V 39 kOhm 1 

Ri  0Zh0~467~003TU " MLT-1-390 kOhm-P-V 390 kOhm 1 

R45  0Zh0-467-003TU " MLT-1-390 kOhm-P-V 390 kOhm 1 

R46 BP4-675-001SP " PT-1-91 kOhmglZlw 91 kOhm = 1 

R47 BP4-675~001SP " PT-1-68 kOhm21¢ lw 68 kOhm 1 
R48 NRKhi4t-685-018SP " PPZ=11-10 kOhmt10% 10 kOhm 1 

R49 BP4-~675-001SP " PT#1-56 kOhmtl% lw 56 kOhm = 

we oR 4-10 02h0-467-003TU " MLT-510 kOhm-P-~B 510 kOhm 1 

R411 0Zh0-467-003TU " MLT=1-39 kOhm-P-B 39 kOhm 1 

R422 02h0-447-003TU " MLT-1-390 kOhm-P-B 390 kOhm 1 

R 4-13 BP4675-0015P " PT-1-100 kOhmt1% lw 100 kOhm 1 

R 4-14 BP4-675-001Sp " PT-1-68 kOhmtlg lw 68 kOhm 1 

R 4215 NG4-685-0185P " -PP3-22-20 kOhmtlog 10 Kohn 1 

R416 BP4-675-001SP " PT-1-82 kOhmt]%$ lw 82 kOhm 1 

R 4-17 0Zh0-467-011TU " PEV-10-10 kOhmt10% 10 kOhm 1 

R418 0Zh0-467-003TU " MLT-1-39 kOhm-P-B 39 kOhm 1 
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State National Basic nay 
Pos. Standard, VTU, Data 
Desig. Normal Drawing ss Name and Type Rated No. Nete os, 
1 2 SF ceed OD cate he oa ee ise 
R 4.19 02h0-467-003TU Resistor, MLT-1-390 kOhm-V-Ya 390 kOhm 1 
B 4-20 0Zh0=-675-001SP s PT-1-130 kOhm=1% lw 130 kOhm i 
R 4-21 NG4-685-018SP " GN3-11-10 kOhm=1% lw 10 kChm 1 
R Ha22 BP4-675-001SP " PT-1-91 kOhm=1% lw 991 kOhm 1 
R 4-23 0ZhO-467~-003TU —s" MLT+2-39 kOhm~P-B 39 kOhm 1 
Ro4-24 0ZhO-467-003TU =" " " 39 kOhm 1 
Ro Me25 OZh0-467-003TU —s" MLT-1-39 kOhm-PB 39 kChm 1 
R 4-26 0Zh0-467-003TU =” MLT-1-390 kOhm-P-B 390 kOhm 1 
R. 4-27 0Zh0-467-003TU =" " " 390 kOhm 1 
hia R 4.28 BP4-675-001SP * PT-1-30 kOhm=1% lw 30 kOhm 1 
R 4.29 BPH-675-0015P " PT-1-75 kOhm-1% lw 75 kOhm 1 
R 4.30 BP4-675-018SP i PP3~11-10 kOhm=1% 10 kChm 1 
R 4.31 BP4675-001SP " PT-1-35 kOhm=1% lw 35 kOhm i 
R 4232 0Zh0-467-003TD =" MLT-2-3.3 kOhm-I-B 3.3 kOhm 1 
RB. 4.33 0Zh0-467-003TU hn MLT#1-510 kOhm-P-B 510 kOhm 1 
R 4.34 0Zh067-003TU =" MLT#1-100 kOhm-P-B 100 kOhm 2 
R435 0 " MLT+1-910 kOhm-P-~B 910 kOhm 1 
R436" i" MLT=2-39 kOhm-P-B 39 kOhm 1 
279 « a 
50X1-HUM 
= Sacre 
50X1-HUM 





Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 


SreRrern PAN a 
Declassified in Part - Sanitized Copy Approved for Release 2012/04/12 : CIA-RDP78-03066R000300170001-9 JM : 


7 




















State National vast of Plorents Basic 7 
Pos, Standard, VTU, Data 
Pests Norma prauiing ____Nane_ ani Type ___Rated_Nos_ote - fs 
Chal OZhO-462~022TU Capacitor, MBTP-2-600-2-II 2 Pf = 
Ch i" " MBOP-2400-0.25=-II 0.25 pe a 
Ch.3 x a MBGP-2-400~1(50)-IT 1 -~ zs 
Chly ” _ MBGP-2-400~-8,25-II 1 pe = 
Cho§ " a MBGP~2-4.00-1-( 50 )-II Yat a 
Ch6 u : MBGP=2=4400-2-II 2 a 1 
Che? , * MBGP=240000.25-IT 0.25 pel 
C4-8 : , MBGP-2-400-1(50)=-II 1 | a 
Chad " " MBGP-2~600-2-II 2 pF i 
ww =. CHW " x MBGP~2-400-0,25~II 0.25 yf i 
Chell  O0Zh0-462-011TU " BGM-2~-400-0,01-II 0.01 pt 1 
C412 0Zh0-462~022TU _ MBTP22-200-1-II 1 gE 1 
CH-13° =: OZhO-462-011TU , BIN-2-400-0.01-II 0.01 ft 1 
PRH-1 State National Fuse PK-30-2a 1 
Standard 5010-53 
PRY~2 " " PK-30-0.15a 1 
PRY 3 " _ " 1 
PRY " " " 1 
PRY 5 " " " 1 
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Desig, Normal Drawing _ssName_and Type Rated 
a ee aes ee ees 
Uy-1 ChTU-01-107-55 Tube 6ZhaP 
L4a2 ChTU={01~106-35 Tube 6ZkgP 
4-3 ChTU-01-107-55 Tube 6ZhiP 
Ih-4 ChTU-01~107-55 Tube 6Zh6P 
L4-5 ChTU~01-~106-55 Tube €Zh6P 
14-6 ChTU-01~-107-55 Tube €Zh6P 
W-7 " " 
L4-8 n " 
4-9 ChTU-01-10655 Tube 6Zh2P 
we «SsC«dTA-102—s ChTU-01-701-54 Tube 3G3S 
DY 1 10=354-2006TU Plug R32PK93Sh2 


DY2 TR3215~108VrTU 
D4 -2 " 
Di -3 " 
Dy ah " 
DY -5 , 
D6 " 
DY -? ‘ 
D4 8 " 
D4 =9 " 


___List of Flements 


Germanium Diode D7-Zh 
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—— ears ie cn a LE A a 
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State National ae 
* tandard, VIU 
teeie: at Drawing Name and Type Rated No. Nete Ch. 
i z Re ne ogee gee ar ne cere 
Dy-10 Tr3215-LO8vrTv Germanium Diode D?-Zh i 
Dym12 " " i 
Dn 2 " it 1 
D413 A " i 
Dy " n 1 
D415 " n L 
DY-16 n " : 
D417 " L 
DY-18 " " i 
DY-19 " " t 
DY-20 " '" t 
DL.21 " " 2 
DHyW22 " " 1 
D4-23 . : 1 
D424 s " + 
Dya25 " ” L 
Dy26 " " 4 
Din27 " A i 
D4-28 7 " = 
_- Dy~29 ” " 4 
D430 " 7 2 
D432 " ts 2 
D4-32 u a i 
D333 tt fl 2 
Dyn 34 " " 2 
DH3 5 " fn = 
Dy-36 " " 7 
TRH-1  G347140160SP Transforrer 1 
TRY-2  G34714000SP " i 
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